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3DU OD VXLWH SHQGDQW PD WKqVH M¶DL pWp SDUWLFXOLqUHPHQW ELHQ DFFXHLOOLH DX *(7 HW DX VHLQ GHV




















GpMj YRXV P¶DYLH] FRQTXLVH /HV SDXVHV FRQYLYLDOHV DX FDIp 3LHUUH YRWUH PDQLqUH G¶LQWpJUHU
FRPSOqWHPHQWYRVpWXGLDQWVjO¶pTXLSHHWGHOHVFRQVLGpUHUFRPPHGHVFKHUFKHXUVHQKHUEHDYDLHQW




















/7+( HQ SDUWLFXOLHU 7KpR *XLOODXPH HW -pUpP\ 7KpR PHUFL GH P¶DYRLU GRQQp O¶RSSRUWXQLWp








QRV PRPHQWV SDVVpV HQVHPEOH TXL P¶RQW WRXMRXUV SHUPLV GH UHPRQWHUPD EDUUH G¶pQHUJLH HW GH
FRQILDQFHjVRQPD[0HUFLGHYRXVrWUHLQYHVWLV MXVTXHGDQVPRQPDQXVFULWTXHFHUWDLQVG¶HQWUH
YRXVVRQWDOOpV MXVTX¶jFRUULJHUFKDSHDXHW0(5&,/HV7RXORXVDLQVG¶DGRSWLRQV OHV3DORLV OHV
*HUVRLV HW FHX[ GX WUDYDLO DXVVL OHV VRLUpHV ILOOHV OHV YDFDQFHV HW OHV ZHHNHQGV OHV HVFDSDGHV
DULpJHRLVHVSRXUDOOHUYRLUPDSHWLWHIpHOHVUHWRXUVEpDUQDLVOHVYLUpHVURPDLQHVOHVSHWLWVSRQH\V
OHVURDGWULSFDQDGLHQV«%UHIWRXVFHVPRPHQWVTXLGRQQHQWXQHERXIIpHG¶R[\JqQHGHVVRXYHQLUV













EHHQ GHGLFDWHG WRPRQLWRULQJ WKH WHUUHVWULDO DWPRVSKHUH DQG VXUIDFHV 6RPHRI WKHVH VDWHOOLWHV DUH




PRVW LPSRUWDQW ULYHUV OD\ LQ WURSLFDO DUHDV ZKHUH WKH LQ VLWX REVHUYDWLRQ QHWZRUNV DUH GHILFLHQW
$OWHUQDWLYHLQIRUPDWLRQLVWKHUHIRUHQHHGHGIRUZDWHUUHVRXUFHPDQDJHPHQWDQGDOHUWV\VWHPV7KH
SUHVHQWZRUN IRFXVHV RQ WKH1LJHU5LYHU D EDVLQZKLFK KDV XQGHUJRQH GUDVWLF FOLPDWLF YDULDWLRQV
OHDGLQJ WR GLVDVWHUV VXFK DV GURXJKWV DQG IORRGV6LQFH  WKH1LJHU KDV EHHQ WKURXJKPDLQ
FOLPDWLFSHULRGVDZHWSHULRGDORQJDQGLQWHQVHGURXJKWSHULRGDQGVLQFH






5HG IORRG DQG WKH GHWHFWLRQ RI IORRGV GXULQJ WKH UHFHQW SHULRG  LL WKH VWXG\ RI WKH











Key words: Hydrometeorology, Tropical rain, Satellite rainfall estimates, Hydrological modelling, 






G¶pYDOXHU OH SRWHQWLHO GHV HVWLPDWLRQV GH SUpFLSLWDWLRQ SDU VDWHOOLWH SRXU GHV DSSOLFDWLRQV
K\GURORJLTXHVHQ]RQHWURSLFDOH/HV7URSLTXHVUpXQLVVHQWOHVSOXVJUDQGVIOHXYHVGXJOREHPDLVQH
EpQpILFLHQWSDVGHUpVHDX[G¶REVHUYDWLRQLQVLWXGHQVHVHWFRQWLQXVSHUPHWWDQWXQHJHVWLRQLQWpJUpH
HIILFDFH GH OD UHVVRXUFH HW GHV V\VWqPHV G¶DOHUWHV /HV HVWLPDWLRQV GHV SUpFLSLWDWLRQV LVVXHV GHV
V\VWqPHVG¶REVHUYDWLRQVDWHOOLWHRIIUHQWXQHDOWHUQDWLYHSRXUFHVEDVVLQVSHXRXSDVLQVWUXPHQWpVHW
VRXYHQW H[SRVpV DX[ H[WUrPHV FOLPDWLTXHV &¶HVW OH FDV GX IOHXYH 1LJHU TXL D VXEL XQH JUDQGH
YDULDELOLWp FOLPDWLTXH GHSXLV OHV DQQpHV  PDLV DXVVL G¶LPSRUWDQWV FKDQJHPHQWV
HQYLURQQHPHQWDX[ HW K\GURORJLTXHV 'HSXLV OHV DQQpHV  OH 1LJHU PR\HQ FRQQDvW XQH
UHFUXGHVFHQFH GHV LQRQGDWLRQV SHQGDQW OD SpULRGH GH FUXH 5RXJH HQJHQGUpH SDU VHV DIIOXHQWV
VDKpOLHQV SHQGDQW OD PRXVVRQ$ 1LDPH\ GHV QLYHDX[ UHFRUG GH KDXWHXU G¶HDX HW GH SpULRGH
G¶LQRQGDWLRQ RQW pWp HQUHJLVWUpV HQ    HW  HQJHQGUDQW GH QRPEUHXVHV SHUWHV
KXPDLQHV HW PDWpULHOOHV &HV WUDYDX[ DQDO\VHQW O
LQIOXHQFH GX IRUoDJH SOXYLRPpWULTXH VXU OHV
LQRQGDWLRQV OLpHV j OD FUXH5RXJH j1LDPH\8QH JDPPH GH SURGXLWV SOXYLRPpWULTXHV LQ VLWX HW
VDWHOOLWHHWODPRGpOLVDWLRQK\GURORJLTXH,6%$75,3VRQWFRPELQpVSRXUpWXGLHULO¶DSSRUWGHV
SURGXLWV VDWHOOLWH SRXU GLDJQRVWLTXHU OD FUXH 5RXJH UpFHQWH LL O
LPSDFW GHV FDUDFWpULVWLTXHV GHV
SURGXLWVHWGHOHXUVLQFHUWLWXGHVVXUOHVVLPXODWLRQVHWHQILQLLLO¶pYDOXDWLRQGXU{OHGHVSUpFLSLWDWLRQV
IDFHDX[FKDQJHPHQWVGHFRQGLWLRQVGHVXUIDFHGDQV O¶pYROXWLRQGHODFUXH5RXJHj1LDPH\GHSXLV




UHODWLYH j FKDTXH SURGXLW SOXW{W TX¶DYHF XQ VHXLO DEVROX$LQVL GHV SURGXLWV SUpVHQWDQW GHV ELDLV
SHXYHQWrWUHHQYLVDJpVSRXUODVLPXODWLRQK\GURORJLTXHHWODGpWHFWLRQGHVLQRQGDWLRQV/HQRXYHDX
SURGXLW7$3((5GHODPLVVLRQ07SUpVHQWHXQIRUWSRWHQWLHOK\GURORJLTXHHQHWSRXUOD]RQH
G¶pWXGH'¶DXWUH SDUW O¶pWXGH GH OD SURSDJDWLRQ GH O¶HUUHXU DVVRFLpH j FHV SUpFLSLWDWLRQV DPLV HQ
pYLGHQFH OD QpFHVVLWp GH GpWHUPLQHU OD VWUXFWXUH GX FKDPS G¶HUUHXU SRXU O¶XWLOLVDWLRQ G¶XQH WHOOH
LQIRUPDWLRQHQK\GURORJLH(QILQ ODPRGpOLVDWLRQDpWpXWLOLVpHFRPPH OHYLHUSRXUGpFRPSRVHU OHV
VHQVLELOLWpV GH OD FUXH5RXJH DX[ YDULDWLRQV GHV SUpFLSLWDWLRQV HW GHV FRQGLWLRQV GH VXUIDFH 3RXU
VLPXOHUOHVFKDQJHPHQWVK\GURORJLTXHVHQWUHOHVSpULRGHVHWOHVFKDQJHPHQWV




Mots clé : Hydrométéorologie, Pluies tropicales, Estimation des précipitations par satellite, 
Modélisation hydrologique, Changements hydrologiques, Inondations, Fleuve Niger, Crue Rouge, 
Niamey. 
  













































































































































































VXUIDFHGH ODSODQqWH/HV7URSLTXHV VRQWXQPRWHXUWUqVDFWLI GHFHWWHG\QDPLTXH
SXLVTX¶XQHLPSRUWDQWHTXDQWLWpG¶HDX\HVWpYDSRUpHHWSUpFLSLWpH&HWWHUpJLRQFRQFHQWUHSUqVGH
GHVSUpFLSLWDWLRQVJOREDOHVPDLVPDOJUpGHWHOOHVSURSRUWLRQVFHUWDLQHV]RQHVGHODEDQGHWURSLFDOH




QpFHVVDLUH FRQQDLVVDQFH GX F\FOH GH O¶HDX HW O¶XUJHQFH GH OD FRPSUpKHQVLRQ GHV LPSDFWV G¶XQ
UpFKDXIIHPHQWJOREDORQWHQJHQGUpGHQRPEUHX[SURJUDPPHVGHUHFKHUFKH'HSXLV OHVRO MXVTX¶j
O¶DWPRVSKqUHHQSDVVDQWSDU OHFRXYHUWYpJpWDO FKDTXHFRPSRVDQWHGHFKDTXHSURFHVVXV LPSOLTXp
GDQV OHF\FOHGH O¶HDXHVWpWXGLp'HSXLV OHVDQQpHV OHVREVHUYDWLRQV VDWHOOLWHVSHUPHWWHQWGH











+$3(;6DKHO  *RXWRUEH HW DO  SXLV $00$ $IULFDQ 0RQVRRQ 0XOWLGLVFLSOLQDU\











HQYLURQQHPHQWDOHV GH FH GHUQLHU /D GLVSRQLELOLWp HQ HDX FRQVWLWXH OH IDFWHXU OLPLWDQW GH OD YLH
YpJpWDOHFRPPHDQLPDOHVXUWRXWGDQVOHV]RQHVDULGHVHWVHPLDULGHVFRPPHDX6DKHO/DJHVWLRQ




G¶LQRQGDWLRQ 6L OHV UpVHDX[ GH SOXYLRPqWUHV UHVWHQW LQGLVSHQVDEOHV SRXU FDOLEUHU RX YDOLGHU OHV
DOJRULWKPHV G¶HVWLPDWLRQ VDWHOOLWH GHV SUpFLSLWDWLRQV HW TX¶LOV FRQVWLWXHQW OHV MHX[ GH GRQQpHV
KLVWRULTXHVOHVSOXVDQFLHQVO¶XWLOLVDWLRQGHVGRQQpHVVDWHOOLWHVSRXUGHV]RQHVpWHQGXHVHWIDLEOHPHQW
LQVWUXPHQWpHVHVWXQHDOWHUQDWLYHSHUWLQHQWHHWSURPHWWHXVH&HVWUDYDX[GHWKqVHV¶LQVFULYHQWGDQVOH




LQGLVSHQVDEOH SRXU OHV SRSXODWLRQV /HV FULVHV FOLPDWLTXHV TXH OH EDVVLQ WUDYHUVH LPSDFWHQW
GLUHFWHPHQW OHV SRSXODWLRQV OHV VpFKHUHVVHV GHV DQQpHV  HW  GpFLPDQW OHV WURXSHDX[ HW







FHWWHSpULRGHGH O¶DQQpHVRQWHQ UHFUXGHVFHQFHGHSXLV OHVDQQpHV RGHV UHFRUGVGHKDXWHXU




























PDQLqUH VDWLVIDLVDQWH OH GpELW SHQGDQW OD FUXH 5RXJH GH 1LDPH\" (QILQ OHV FKDSLWUHV   HW 
UpSRQGHQWFKDFXQjXQGHVREMHFWLIVFHQWUDX[GHODWKqVH
x 48(67,214XHOHVW OHSRWHQWLHOGHVSURGXLWVG¶HVWLPDWLRQV VDWHOOLWHVSRXU OH VXLYLGHV
LQRQGDWLRQVUpFHQWHVGX1LJHUj1LDPH\SHQGDQWODFUXH5RXJHFKDSLWUH"x 48(67,21  4XHOV VRQW OHV LPSDFWV GHV FDUDFWpULVWLTXHV GHV GLIIpUHQWV SURGXLWV VXU OD
VLPXODWLRQFKDSLWUH"(WTXHOVVRQWOHVLPSDFWVGHODSURSDJDWLRQGHVHUUHXUVDVVRFLpHVDX[
SUpFLSLWDWLRQVGDQVODPRGpOLVDWLRQFKDSLWUH"x 48(67,214XHOHVWOHU{OHGHVSUpFLSLWDWLRQVIDFHDX[FKDQJHPHQWVGHVVXUIDFHVGDQV
OHV FKDQJHPHQWV K\GURORJLTXHV GH OD FUXH 5RXJH GX 1LJHU PR\HQV GHSXLV OHV DQQpHV
FKDSLWUH"











Chapitre 1 Hydrométéorologie de l’Afrique de l’Ouest : 















ULYH GURLWH FRQWULEXWLYH WRUUHQWLHOOH HW G¶XQH ULYH JDXFKHPDMRULWDLUHPHQW HQGRUpLTXH 'XUDQW OD
PRXVVRQ OHV SUpFLSLWDWLRQV DOLPHQWHQW SOXVLHXUV DIIOXHQWV WHPSRUDLUHV GRQW OHV FRQWULEXWLRQV VH
VXSHUSRVHQW j O¶pFRXOHPHQW SURYHQDQW GH O¶DPRQW SRXU IRUPHU OD FUXH 5RXJH /H SD\VDJH




































 Enjeux autour des ressources et du développement du fleuve Niger 















ELHQTX¶HQFRUH OLPLWp RXYUDJHV WHQGj V¶DFFURvWUHSRXUSHUPHWWUHXQGpYHORSSHPHQWpTXLOLEUp
HQWUH OHV SD\V HW JpUHU GXUDEOHPHQW OD UHVVRXUFH HQ HDX SRXU O¶LUULJDWLRQ HW OD SURGXFWLRQ
K\GURpOHFWULTXH 'DQV FH EDVVLQ SHXSOp GH  PLOOLRQV G¶KDELWDQWV DYHF XQ WDX[ GH FURLVVDQFH





HQMHX[ DXWRXU GH OD JHVWLRQ GH OD UHVVRXUFH HQ HDX TXDOLWDWLYH HW TXDQWLWDWLYH VRQW FUXFLDX[ HW
LQWLPHPHQWOLpVjODVpFXULWpDOLPHQWDLUHHWVDQLWDLUH

 Gouvernance internationale : l’Autorité du Bassin du Niger (ABN) 
'HSXLVOHVDQQpHVjODVXLWHGHODGpFRORQLVDWLRQHWGHO¶DYqQHPHQWGHO¶LQGpSHQGDQFH
GHVpWDWVGHO¶$IULTXHGHO¶2XHVWOHVpWDWVGXEDVVLQGX1LJHUpODERUHQWXQFDGUHSRXUXQHJHVWLRQ







DJULFXOWXUHpOHYDJH V\OYLFXOWXUHpQHUJLHK\GURpOHFWULTXH LQGXVWULH WUDQVSRUW/¶$%1GpYHORSSH
XQHYLVLRQFODLUHHWSDUWDJpHGHODJHVWLRQGXEDVVLQDFFHSWpHSDUO¶HQVHPEOHGHVpWDWVPHPEUHVj
WUDYHUV XQ 3ODQ G¶$FWLRQ GH 'pYHORSSHPHQW 'XUDEOH 3$'' (Q SDUWLFXOLHU WRXW RXYUDJH RX
DPpQDJHPHQWVXUOHEDVVLQGRLWIDLUHO¶REMHWG¶XQHpWXGHG¶LPSDFW/¶$%1DpJDOHPHQWHQFKDUJHOH






































/H1LJHU VXSpULHXUFRPSRUWHGHQRPEUHX[DIIOXHQWV HQSDUWLFXOLHU OH%DQL NPGRQW OD



































TXH OH FRXUV GX 1LJHU GpFULW XQH ERXFOH SRXU UHGHVFHQGUH HQ GLUHFWLRQ GX VXGHVW YHUV$QVRQJR


























 Saisonnalité de l’hydrologie du Niger : crues Rouge et Guinéenne  (Millot, 1913, 












TXL GUDLQHQW OHV SOXLHV HW LQGXLVHQW XQH DXJPHQWDWLRQ GX GpELW GX FRXUV PDMHXU /HV DIIOXHQWV
EXUNLQDEpV±OH*RURXRO OH'DUJROHW OD6LUED±GpFOHQFKHQWFHWWHFUXHSXLV OHVDIIOXHQWVEpQLQRLV
YLHQQHQWODUHQIRUFHU&HSKpQRPqQHHVWQRPPpFUXH5RXJHjFDXVHGHODFRXOHXUGHVHDX[jFHWWH
SpULRGHHQJHQGUpHSDUODFKDUJHVpGLPHQWDLUHSURYHQDQWGHVpFRXOHPHQWVEXUNLQDEpVULFKHVHQR[\GH
GH IHU(Q MXLQ OHV VHXOHV YDULDWLRQVGXGpELWGX1LJHUPR\HQDYDO VHJPHQWVQLJpULHQHWEpQLQR
QLJpULHQVRQWGXHVDX[DSSRUWVORFDX[GHVSUHPLqUHVSOXLHV$SDUWLUGHMXLOOHWFHVDSSRUWVDXJPHQWHQW














)LJXUH    'pELW GX 1LJHU HQ  DQQpH K\GURORJLTXH  SRXU OHV VWDWLRQV










 Le climat du bassin du Niger 
 La Mousson Ouest Africaine : origine et dynamique 
/DG\QDPLTXHGXFOLPDWGXEDVVLQGX1LJHUFRPPHGDQVO¶HQVHPEOHGHO¶$IULTXHGHO¶2XHVW
HVWLQVXIIOpHSDUOD0RXVVRQ2XHVW$IULFDLQH0$2TXLGpWHUPLQHODVDLVRQGHVSOXLHVHWSURGXLW






&RPPH ODPRXVVRQ LQGLHQQH OD0$2WURXYHVRQRULJLQHGDQV OHVFRQWUDVWHVVDLVRQQLHUVHQWUHOHV
VXUIDFHV RFpDQLTXHV HW FRQWLQHQWDOHV /D G\QDPLTXH GHV PRXVVRQV HQ ]RQH WURSLFDOH GpSHQG GHV
RVFLOODWLRQV VDLVRQQLqUHV GH OD =RQH GH &RQYHUJHQFH ,QWHU7URSLFDOH =&,7 &HWWH ]RQH GH
FRQYHUJHQFHGHPDVVHVG¶DLUFKDXGHVYHQXHVGX6DKDUDHWGHPDVVHVG¶DLUKXPLGHVYHQXHVGX6XG
FRQFHQWUHOHVSUpFLSLWDWLRQV/DVDLVRQGHVSOXLHVV¶LQVWDOOHSURJUHVVLYHPHQWHQ$IULTXHGHO¶2XHVWDX
U\WKPHGH ODPRQWpHYHUV OH1RUGGHOD=&,7SXLVGHVDUpJUHVVLRQYHUV OHV ODWLWXGHV EDVVHV,OHQ
UpVXOWHXQHGRXEOHVDLVRQGHVSOXLHVGDQVODSDUWLHF{WLqUHXQGRXEOHSLFVDLVRQHQ©0ªGDQVOD
]RQHLQWHUPpGLDLUHGLWHVRXVFOLPDWVRXGDQLHQODWLWXGHVHQYLURQHWXQHVDLVRQXQLTXHHQ
UpJLRQ VDKpOLHQQH SOXV DX QRUG /RUVTXH OD 0RXVVRQ HVW LQVWDOOpH DX 6DKHO O¶HVVHQWLHO GHV
SUpFLSLWDWLRQV HVW DSSRUWp SDU GHV V\VWqPHV FRQYHFWLIV G¶RULJLQH FRQWLQHQWDOH VH GpSODoDQW
PDMRULWDLUHPHQWG¶(VWHQ2XHVW/DXUHQWHWDO0DWKRQHWDO







GDQVDXPRLQVXQHGLUHFWLRQ KRUL]RQWDOH0DOJUp OHVGLIIpUHQWHV IRUPHVTXHSUHQQHQW OHV0&6 OD
FRQYHFWLRQDXVHLQGHFHVV\VWqPHVV¶RUJDQLVHVRXYHQWHQXQHOLJQHGHJUDLQFRQYHFWLYHDUTXpHTXLVH
GpSODFH UDSLGHPHQWHWTXLHVW VXLYLHSDUXQHSDUWLH VWUDWLIRUPHPRLQV LQWHQVH +RX]H
)LJXUH/HV0&6VDKpOLHQVRQWpWppWXGLpVSDUGHQRPEUHX[DXWHXUV(OGULGJH5RZHOOHW




































6L OHVPHVXUHV VDWHOOLWHVSHUPHWWHQWG¶REWHQLUXQHERQQHFRXYHUWXUH VSDWLDOH UHVWHj VDYRLU VL OHXU
UpVROXWLRQ VSDWLRWHPSRUHOOH HW O¶DOJRULWKPLH GpYHORSSpH SRXU O¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV VRQW
DVVH]SUpFLVSRXUrWUHXWLOLVpVHQK\GURORJLHFKDSLWUH
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/¶+{WH HW DO  /HV DQQpHV  HW  VRQW FDUDFWpULVpHV SDU XQ GpILFLW SOXYLRPpWULTXH
JpQpUDOLVpj O¶HQVHPEOHGX6DKHOSDUWLFXOLqUHPHQWVpYqUHSHQGDQW OHVDQQpHVHW










HW$OL3DQWKRXHW DO'HjQRV MRXUV MXVTX¶HQSDU1LFKROVRQHWDO
MXVTX¶HQSDU/¶+{WHHWDOMXVTX¶HQSDU'LDHWDOMXVTX¶HQSDU/HEHOHW
$OLHWGHUQLqUHDFWXDOLVDWLRQMXVTX¶jSDU3DQWKRXHWDOXQHUHSULVHGHVSUpFLSLWDWLRQV
V¶HVW DPRUFpH GHPDQLqUH KpWpURJqQH VXU OD EDQGH 6DKpOLHQQH$ORUV TX¶j O¶RXHVW OD VpFKHUHVVH D
SHUVLVWpOHGpILFLWSOXYLRPpWULTXHGX6DKHO&HQWUDO(VWDGLPLQXp/¶+{WHHWDO'LDHWDO





UHWURXYp OHVYDOHXUVGH ODSpULRGHKXPLGHGHVDQQpHV HWPDLVFHUWDLQHVDQQpHV OHVRQW
DWWHLQWVRXGpSDVVpV/¶+{WHHWDOHW'LDHWDO3DQWKRXHWDO
'HSXLVODYDULDWLRQLQWHUDQQXHOOHGHVFXPXOVVDLVRQQLHUVHVWSOXVLPSRUWDQWH'LDHWDOHW
OHV SOXLHV VHPEOHQW V¶LQWHQVLILHU )UDSSDUW HW DO 3DQWKRX HW DO  (Q FRPSDUDLVRQ j OD







LQWHQVLWp K\GURFOLPDWLTXH GpFULWH SDU*LRUJL HWDO  6L OHV HIIHWV UpHOV GX FKDQJHPHQW VRQW
HQFRUHGpEDWWXV&DPEHUOLQHWDO'LDHWDO*LRUJLHWDOLOHVWDXVVLLPSRUWDQWGH
VH SHQFKHU VXU OHXUV FRQVpTXHQFHV DX VHLQ GHV EDVVLQV YHUVDQWV HW OHXUV LPSDFWV VXU OD UpSRQVH
K\GURORJLTXH
)LJXUH,OOXVWUDWLRQGHVYDULDWLRQVSOXYLRPpWULTXHVDX6DKHOG¶$IULTXHGHO¶2XHVWHQWUH






b) c) d) 















 Vulnérabilité face aux inondations  
6L OHV VpFKHUHVVHV TXL IUDSSHQW O¶$IULTXH GH O¶2XHVW VRQW OD FDXVH G¶XQH JUDQGH LQVpFXULWp






KXPDLQHVDJULFROHVHWPDWpULHOOHV GUDPDWLTXHV5pFHPPHQW VXLWHjXQpSLVRGHGHSOXLHV LQWHQVHV
SHQGDQWODPRXVVRQOH1LJHUSD\VDpWpWRXFKpSDUGHQRPEUHXVHVLQRQGDWLRQVjSUR[LPLWpGX
IOHXYHj1LDPH\)LJXUHHWGDQVGHVUpJLRQVpORLJQpHVGXFRXUVSULQFLSDO(QVHSWHPEUH
O¶2&+$ pYDOXDLW j   OH QRPEUH GH VLQLVWUpV HW GpQRPEUDLW  GpFqV VXLWH j FHW pSLVRGH
G¶LQRQGDWLRQ(QSOXVGHVGpJkWVHWGHVSHUWHVPDWpULHOOHVFHVLQRQGDWLRQVRQWFDXVpODSHUWHG¶XQH
SDUWLH GHV UpFROWHV DJULFROHV HW HQJHQGUp XQH FULVH VDQLWDLUH DYHF XQH UHFUXGHVFHQFH GHV FDV GH
SDOXGLVPH HW XQH pSLGpPLH GH FKROpUD 2&+$ $&7('2;)$0  /HV pYqQHPHQWV
G¶LQRQGDWLRQVIOXYLDOHVOHVSOXVJUDYHVUHFHQVpVVXUOH1LJHUPR\HQVRQWV\VWpPDWLTXHPHQWOLpVjOD
PRQWpHGHVHDX[UDSLGHHWSHXSUpYLVLEOHGHODFUXH5RXJH/HVV\VWqPHVGHVXLYLGpELWGpELWQHVRQW










SDUWLFLSHQW O¶DXJPHQWDWLRQ GH FHWWH YXOQpUDELOLWp /H ULVTXH LQRQGDWLRQ UpVXOWDQW G¶XQH SDUW GH OD
YXOQpUDELOLWp HW G¶DXWUH SDUW GH O¶DOpD LO HVW DXVVL LPSRUWDQW GH FRPSUHQGUH OH U{OH GHV YDULDWLRQV
FOLPDWLTXHpQRQFpHVGDQVOHSDUDJUDSKHSUpFpGHQWDILQG¶pYDOXHUHWGHSUpYRLUFHULVTXH(QSDUWLFXOLHU






ODFRPSUpKHQVLRQHW OH VXLYLGHVFDXVHVGHFHSKpQRPqQHGHFUXH5RXJHHWG¶pYDOXHU OHSRWHQWLHO





























 Contexte : paysage hydrologique du bassin du bief Ansongo-Niamey 
 Hydrogéologie 
/RQJGHNP OHELHI$QVRQJR1LDPH\ )LJXUHDSSDUWLHQWDX1LJHU0R\HQHWj OD






































 Processus hydrologiques  
$X6DKHOOHSDUWLWLRQQHPHQWHQWUHLQILOWUDWLRQHWUXLVVHOOHPHQWHVWGLULJpSDUOHVFRQGLWLRQVGH
VXUIDFHSOXW{WTXHSDUOHVROSURIRQG&ROOLQHWHW9DOHQWLQ$OEHUJHOHWDO+RRJPRHGHW
6WURRVQLMGHU  XQH UHYXH GDQV &D]HQDYH HW9DOHQWLQ  &D]HQDYH HW9DOHQWLQ  /HV
IDFWHXUV GH OD VXUIDFH OHV SOXV LPSRUWDQWV VRQW O¶HQFURWHPHQW OD FRXYHUWXUH YpJpWDOH O
DFWLYLWp
IDXQLTXH OD UXJRVLWp GH OD VXUIDFH OD SRURVLWp YpVLFXODLUH HW OD WH[WXUH GX VRO OHV WURLV SUHPLHUV
H[SOLTXDQWGHODYDULDQFHGXWDX[G¶LQILOWUDWLRQ&D]HQDYHHW9DOHQWLQ/HVFRQGLWLRQVGH
VXUIDFH VDKpOLHQQHV GpFULWHV HQ GpWDLO GDQV OHV SDUDJUDSKHV VXLYDQWV HQJHQGUHQW GHV WDX[
G¶LQILOWUDWLRQEDVHWXQIDLEOHVWRFNDJHGHVHDX[GDQVOHVRO



























HW PDUHV WHPSRUDLUHV FUppHV SDU O
DFFXPXODWLRQ GHV ODPHV G




VXLYL SDU XQH pYDSRUDWLRQ LPSRUWDQWH 3HXJHRW HW DO  HW 9HOOXHW HW DO  /¶LQILOWUDWLRQ




 GX GpELW G¶$QVRQJR PR\HQQH DQQXHOOH SHQGDQW OD FUXH *XLQpHQQH DQQH[H ,,, 3OXVLHXUV
K\SRWKqVHVSRXUUDLHQWH[SOLTXHUFHGpILFLWFRQQXGHO¶$%1PDLVGHPDQGHQWHQFRUHG¶rWUHpWXGLpHV
/HVFDSWDWLRQVG¶HDXVHPEOHQWrWUHXQHFDXVHjH[FOXUHSXLVTXHOHVGpILFLWVOHVSOXVLPSRUWDQWVGHOD
SpULRGH SUpVHQW VXUYLHQQHQW GDQV OHV DQQpHV  DORUV TXH OD ]RQH pWDLW SHX SRXUYXH HQ





 Pédologie   
/HVW\SHVGHVROGXELHI$QVRQJR1LDPH\YRQWGHVVROVPLQpUDX[EUXWVHWSHXpYROXpVSOXW{W
DVVRFLpVDX[WrWHVGHEDVVLQGHVDIIOXHQWVULYHGURLWHGXVRFOHJUDQLWLTXHDX[VROVK\GURPRUSKHVGDQV
OHV IRQGV GH YDOOpH 7URLV SULQFLSDX[ W\SHV GH VROV VRQW SUpVHQWV DX VHLQ GX ELHI $QVRQJR
1LDPH\%UXQHW0RUHW HW DO  2OLYU\  /HV VROV EUXQV VWHSSLTXHV RX LVRKXPLGHV
VWHSSLTXHVVRQWSHXSURIRQGVMXVTX¶jFPHWSDXYUHVHQPDWLqUHRUJDQLTXHWDX[GpFURLVVDQWDYHF
OD SURIRQGHXU )RUPpV G¶XQ KRUL]RQ VDEOROLPRQHX[ PRLQV GH  G¶DUJLOH KRPRJqQH HW
PR\HQQHPHQWFRPSDFWFHVVROVVRQWSHXSHUPpDEOHVSUpVHQWHQWXQHIDLEOHFDSDFLWpG¶LQILOWUDWLRQHW
IDYRULVHQW OH UXLVVHOOHPHQW&HV VROV VRQWFDUDFWpULVpVSDUXQ UHOLHI WUqVSODW/HV VROV IHUUXJLQHX[
WURSLFDX[ VRQW pJDOHPHQW SHX SURIRQGV MXVTX¶j FP HW SDXYUHV HQ PDWLqUH RUJDQLTXH (Q
UHYDQFKH OHXUWH[WXUHVDEOHXVHSOXVJURVVLqUHGHX[KRUL]RQVGHVDEOH ILQHWSOXVJURVVLHU IDYRULVH
O¶LQILOWUDWLRQGHVHDX[GHSOXLHV(QILQOHVVROVK\GURPRUSKHVVRQWFDUDFWpULVWLTXHVGHVYDOOpHVEDQGH

















HQ MHX GDQV OD UpRUJDQLVDWLRQ GHV SDUWLFXOHV GH VXUIDFH HW HQJHQGUHU OD IRUPDWLRQ G¶XQH SHOOLFXOH
VXSHUILFLHOOHLPSHUPpDEOHO¶LPSDFWGHVJRXWWHVGHSOXLHVOHUXLVVHOOHPHQWODGHVVLFFDWLRQOHYHQW
8QHW\SRORJLHJpQpWLTXHGHVFURWHVOHVQRPPHHQIRQFWLRQGHVSURFHVVXVGHIRUPDWLRQ'LIIpUHQWV

















VHPEOH GpSHQGUH GHV SUDWLTXHV FXOWXUDOHV /H ODERXU RX OH VDUFODJH SHUPHWWHQW HQ SUHPLHU OLHX
G¶DXJPHQWHU O¶LQILOWUDELOLWp GHV VROV0DLV OD UpRUJDQLVDWLRQ VXSHUILFLHOOH TX¶LOV HQWUDvQHQW IDYRULVH
O¶HQFURWHPHQWHWOHUXLVVHOOHPHQWV¶LOVQHVRQWSDVHIIHFWXpVDVVH]IUpTXHPPHQW&ROOLQHWHW9DOHQWLQ










HW /H+RXpURX  /D GLVWULEXWLRQ OD GLYHUVLWp HW OD SURGXFWLYLWp GX FRXYHUW YpJpWDO VDKpOLHQ
GpSHQGHQWGRQFGHVSUpFLSLWDWLRQVHWGHVFRQGLWLRQVpGDSKLTXHVTXLYRQWGLULJHU OHXUUHGLVWULEXWLRQ
LQILOWUDWLRQRXUXLVVHOOHPHQW&RPPHGDQVO¶HQVHPEOHGX6DKHO OHSD\VDJHIDLEOHPHQWDQWKURSLVp





WLJUpHª HVW FDUDFWpULVWLTXH GHV ]RQHV VHPLDULGHV 6H GpYHORSSDQW VXU OHV SODWHDX[ ODWpULWLTXHV
FXLUDVVpV DX VRO SHX SURIRQG OD EURXVVH WLJUpH HVW FRPSRVpH G















LQWHUDJLVVHQW TXRWLGLHQQHPHQW DYHF OHXU pFRV\VWqPHYLD OH SDVWRUDOLVPH O¶DJULFXOWXUH HW OD UpFROWH
G¶HVVHQFHVSRXUODGHPDQGHHQpQHUJLH$YDQWO¶H[SORVLRQGpPRJUDSKLTXHGXHVLqFOHOHVDFWLYLWpV
DQWKURSLTXHV Q¶DYDLHQW TX¶XQ LPSDFW PRGpUp VXU O¶HQYLURQQHPHQW 0DLV O¶DXJPHQWDWLRQ GH FHV
SUDWLTXHVDVVRFLpHjODVpFKHUHVVHRQWSDUWLFLSpjODGLPLQXWLRQGHODFRXYHUWXUHYpJpWDOHVSRQWDQpH
GX6DKHO
/HV FXOWXUHV SOXYLDOHV GRQW OD SULQFLSDOH HVW OD FXOWXUH YLYULqUH GX PLO 3HQQLVHWXP JODXFXP
GHPDQGHQW DX SUpDODEOH XQ GpIULFKHPHQW DYHF XQHPLVH j QX GHV VROV 9DOHQWLQ HW DO /HV
VXFFHVVLRQV VSRQWDQpHVGHVYDOOpHVHWGHVSHQWHV VDEOHXVHVVRQWUHPSODFpHVSDUGHVFKDPSVHWGHV
MDFKqUHVKHUEDFpHV$ULVWLGDPXWDELOLV&HQFKUXVELIORUXVHW'LJLWDULDJD\DQDHWDUEXVWLYHVGRPLQpH
SDU *XLHUD VHQHJDOHQVLV DFFRPSDJQp GH 3LOLRVWLJPD UHWLFXODWXP HW &RPEUHWXP JOXWLQRVXP
'HVFURL[HWDO/¶DXJPHQWDWLRQGHODGHPDQGHHQWHUUHDUDEOHVRXVODSUHVVLRQGpPRJUDSKLTXH













FHVFKDQJHPHQWVGHFRXYHUWVHWG¶pYDOXHU OHXU LPSDFWVXU O¶K\GURORJLH/HVH[HPSOHVSUpVHQWpV LFL
)LJXUHHW)LJXUHLOOXVWUHQWODGLPLQXWLRQGHODYpJpWDWLRQDUERUpHDXSURILWGXVROQXHW
GHVFXOWXUHVVXUOHVGHX[ULYHV
/HV SURFHVVXV K\GURORJLTXHV GX EDVVLQ GX ELHI$QVRQJR1LDPH\ HW OHVPRGLILFDWLRQV UDSLGHV GHV
FRQGLWLRQVGHVXUIDFHLQIOXHQoDQWODUpSRQVHK\GURORJLTXHFRQVWLWXHQWXQGpILSRXUODPRGpOLVDWLRQ
K\GURORJLTXH 6L SOXVLHXUV pWXGHV VH VRQW GpMj SHQFKpHV VXU OD PRGpOLVDWLRQ GH EDVVLQV VDKpOLHQV
6HJXLVHWDO0DKpHWDOLOQ¶H[LVWDLWSDVHQFRUHGHPRGpOLVDWLRQK\GURORJLTXHGLVWULEXpH
jO¶pFKHOOHUpJLRQDOHHWLQIUDMRXUQDOLqUHDXGpEXWGHFHVWUDYDX[VXUFHEDVVLQ































VRQ LQWHQVLWp HW GH VD IUpTXHQFH TXL D PRGLILp O¶DOOXUH GH O¶K\GURJUDPPH PR\HQ GpFHQQDO &H
SKpQRPqQHFRPPHQFHjrWUHQRWDEOHSHQGDQWODGpFHQQLHGRQWOHGpELWPR\HQSHQGDQW













6LJKRPQRX  6LJKRPQRX HW DO   HW RQW HQJHQGUp GHV LQRQGDWLRQV GpYDVWDWULFHV
)LJXUH'DQVODVXLWHGHFHPDQXVFULWOHVFKDSLWUHVHWDERUGHURQWOHVXLYLGHFHVFKDQJHPHQWV
UpFHQWV HW SDVVpV HW O¶DSSRUW GH O¶DSSURFKH FRPELQpH SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV HW
PRGpOLVDWLRQK\GURORJLTXHSRXUUpSRQGUHjFHWWHSUREOpPDWLTXH





)LJXUH  +\GURJUDPPHGpFHQQDOPR\HQGX GpELW GX1LJHU DX[ VWDWLRQVG¶$QVRQJR D HW
1LDPH\ESHQGDQWOHVGHUQLqUHVGpFHQQLHV

 Discussion sur l’attribution des changements hydrologiques de la crue Rouge 









HQ  FRPPH SHX FRQWULEXWLIV %UXQHW0RUHW HW DO  HQ SDUWLFXOLHU OH QRUG *RURXRO

































VXU OD PRGpOLVDWLRQ 6pJXLV HW DO  0DKp HW DO  /L HW DO  3DWXUHO HW DO 
V
DFFRUGHQW VXU OH U{OH GHV FKDQJHPHQWV GX FRXYHUW YpJpWDO HW GH O
XWLOLVDWLRQ GHV VROV VXU
O¶DXJPHQWDWLRQGHVpFRXOHPHQWVPDOJUpOHGpILFLWSOXYLRPpWULTXH/DGLPLQXWLRQGXFRXYHUWYpJpWDO
PRGLILH OHVSURSULpWpV K\GUDXOLTXHVGH OD VXUIDFH IDYRULVDQW OD IRUPDWLRQGHFURWHV TXL
UpGXLWO
LQILOWUDWLRQHWLQGXLWXQHDXJPHQWDWLRQGXUXLVVHOOHPHQWGHW\SH+RUWRQLHQ









SHXYHQW VHXOHV SHUPHWWUH GH VWDWXHU VXU XQH UHODWLRQ GH FDXVDOLWp 4XHOTXHV pWXGHV EDVpHV VXU OD





















OHV DQQpHV  HW GHSXLV OHV DQQpHV  OHV GpELWV OHV SOXV LPSRUWDQWV GHSXLV OH GpEXW GHV
REVHUYDWLRQVRQWpWpHQUHJLVWUpVHQJHQGUDQWGHVGpJkWVGUDPDWLTXHV6DSUpYLVLRQUHVWHHQFRUHXQ
GpILSRXUOHVDXWRULWpVORFDOHVHWODTXHVWLRQGHO¶DWWULEXWLRQGHVHVFKDQJHPHQWVHQFRUHRXYHUWH
/D SUpYLVLRQ OH VXLYL HW OD JHVWLRQ GH WHOV pYpQHPHQWV GHPDQGHQW GHV RXWLOV DGDSWpV j
O¶K\GURORJLHUpJLRQDOHHWDX[GRQQpHVGLVSRQLEOHV/¶DSSURFKHGpELWGpELWHVWGLIILFLOHPHQWDSSOLFDEOH
VDQV XQH H[FHOOHQWH FRXYHUWXUH HQ VWDWLRQV K\GURORJLTXHV GHV DIIOXHQWV JpQpUDQW FHWWH FUXH HW GHV




0DLV OHV SURFHVVXV K\GURORJLTXHV GX EDVVLQ GX ELHI$QVRQJR1LDPH\ HW OHVPRGLILFDWLRQV
UDSLGHVGHVFRQGLWLRQVGHVXUIDFHFRQVWLWXHQWXQGpILSRXUODPRGpOLVDWLRQK\GURORJLTXHGHFHVRXV
EDVVLQ6LSOXVLHXUVpWXGHVVHVRQWGpMjSHQFKpHVVXUODPRGpOLVDWLRQGHFHUWDLQVEDVVLQVYHUVDQWVGH
SHWLWH pFKHOOH GH FHWWH ]RQH LO Q¶H[LVWDLW SDV HQFRUH GH PRGpOLVDWLRQ K\GURORJLTXH GLVWULEXpH j
O¶pFKHOOHUpJLRQDOHVXUFHVRXVEDVVLQDXGpEXWGHFHVWUDYDX[







GHVFRQGLWLRQVGHVXUIDFHVRLW LQGpQLDEOH OHU{OHGHVSUpFLSLWDWLRQVHWGH OHXUVpYROXWLRQVUpFHQWHV
Q¶DSDVHQFRUHpWpELHQpWXGLp
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Chapitre 2 Estimation des précipitations : du réseau de 







SUpFLSLWDWLRQV HW FRQVWLWXHQW OD EDVH GH GRQQpHV OD SOXV DQFLHQQH KLVWRULTXHPHQW &HV PHVXUHV
ORUVTX¶HOOHVVRQWLVVXHVGHUpVHDX[GHQVHVHWDVVRFLpHVjGHVPpWKRGHVG¶LQWHUSRODWLRQVSUpFLVHVVRQW
FRQVLGpUpHV FRPPH XQH UpIpUHQFH SRXU YDOLGHU HW pYDOXHU G¶DXWUHV W\SHV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV (Q UHYDQFKH OD FRXYHUWXUH HUUDWLTXH HW JOREDOHPHQW LQpJDOH GHV SOXYLRPqWUHV















 Principes de l’estimation des précipitations 
,OH[LVWHWURLVJUDQGVW\SHVG¶LQVWUXPHQWVGHPHVXUHGHVSUpFLSLWDWLRQV±OHVSOXYLRPqWUHVOHV
UDGDUVHWOHVVDWHOOLWHV±GRQWOHVVSpFLILFLWpVG¶pFKHOOHGHFRXYHUWXUHHWGHPHVXUHVRQWUDSSHOpHVGDQV










3OXYLRPqWUHJUDSKH  MaPLQ 3RQFWXHOOH +LVWRULTXH 'LUHFWH
5DGDUPpWpR NP PLQ /RFDOHNP  ,QGLUHFWH











VRQW  HQUHJLVWUpV j O¶RULJLQH VXU XQ SDSLHU GpILODQW G¶R OH VXIIL[H JUDSKH DXMRXUG¶KXL GDQV GHV
ILFKLHUV QXPpULTXHV /HV SOXYLRJUDSKHV FRPPXQpPHQW LQVWDOOpV HQ $IULTXH SURGXLVHQW XQ
EDVFXOHPHQWWRXVOHVPPGHSOXLH/HVVpULHVWHPSRUHOOHVGHEDVFXOHPHQWVRQWHQVXLWHFRQYHUWLHV















ODUJH j ODTXHOOH OH FKDPS GH SOXLH HVW HVWLPp (Q HIIHW OD SOXSDUW GHV DSSOLFDWLRQV XWLOLVDQW OHV
HVWLPDWLRQV GH SUpFLSLWDWLRQV PpWpRURORJLH K\GURORJLH pFRORJLH HWF QpFHVVLWHQW GHV FKDPSVGH
SOXLHVVSDWLDOLVpVRXXQHSOXLHPR\HQQHVXUXQHVXUIDFHUHODWLYHPHQWODUJHFRPPHXQEDVVLQYHUVDQW
/HV PHVXUHV SRQFWXHOOHV LVVXHV GHV SOXYLRPqWUHV GRLYHQW DORUV rWUH LQWHUSROpHV VSDWLDOHPHQW /D
TXDOLWpGH O¶LQWHUSRODWLRQGpSHQGGH ODGHQVLWpGX UpVHDXGHPHVXUHHWGH OD VWUXFWXUH VSDWLDOHGHV








V¶DJLWG¶XQHPpWKRGH OLQpDLUHSRXU ODTXHOOH ODSOXLHHVWLPpHHQXQSRLQWGH O¶HVSDFHGpSHQGGHVD
GLVWDQFHDXUpVHDXGHSOXYLRPqWUHHWGHODGLVWDQFHGHFRUUpODWLRQGXFKDPSGHSOXLHpWDEOLHJUkFHj
XQ YDULRJUDPPH SOXV GH GpWDLO VXU OHV YDULRJUDPPHV GDQV OH FKDSLWUH  /¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQVSHXWpJDOHPHQWrWUHUpDOLVpHVXUGHVVXUIDFHVSDUH[HPSOHPDLOOHG¶XQPRGqOHLOV¶DJLW







(Q$IULTXH GH O¶2XHVW  j  GHV SUpFLSLWDWLRQV VRQW SURGXLWHV SDU GHV 0&6 VH GpSODoDQW
UDSLGHPHQWG¶(VWHQ2XHVWHWFDUDFWpULVpVSDUXQIURQWFRQYHFWLILQWHQVHHWFRXUWVXLYLSDUXQHWUDLQH
VWUDWLIRUPHSHX LQWHQVHHW ORQJXH FKDSLWUH3RXUGHVSDVGHWHPSVFRXUWV LQIpULHXURXpJDODX
SDVVDJHG¶XQVHXOpYqQHPHQWFRQYHFWLIFHVFKDPSVGHSOXLHVVRQWKpWpURJqQHVHWSUpVHQWHQWGHIRUWHV
YDULDWLRQVVSDWLRWHPSRUHOOHV/DQDWXUHGHVFKDPSVGHSOXLHHWODIDLEOHGHQVLWpGHVUpVHDX[LQVLWX
HQ$IULTXH GH O¶2XHVW QpFHVVLWH O¶DSSOLFDWLRQ GH PpWKRGHV DGDSWpHV WHOOH TXH OH NULJHDJH SRXU
O¶HVWLPDWLRQGHVSUpFLSLWDWLRQVEDVpHVVXUGHVPHVXUHVLQVLWXSRQFWXHOOHV




 Mesure indirecte spatialisée : observations spatiales et algorithmes 
/HVXLYLPpWpRURORJLTXHFRQVWLWXHODSUHPLqUHDSSOLFDWLRQFLYLOHGHODWpOpGpWHFWLRQVSDWLDOH
/¶DYqQHPHQW GH FHWWH WHFKQRORJLH SHUPHW GHSXLV OHV DQQpHV  G¶REWHQLU GHV HVWLPDWLRQV
SOXYLRPpWULTXHV j XQH pFKHOOH TXDVL JOREDOH j GHV UpVROXWLRQV WHPSRUHOOHV MRXUQDOLqUHV RX LQIUD





YHUWLFDOHGHV V\VWqPHVSUpFLSLWDQWVFRQYHFWLIV UHSUpVHQWpH)LJXUH/DSDUWLH VXSpULHXUHGHFHV








b) Basses Fréquences MO 
Émission/absorption 






























pPHWWHQW SHXPDLV HOOH HVW SOXV DPELJH DXGHVVXV GHV VXUIDFHV FRQWLQHQWDOHV TXL pPHWWHQW DXVVL
'DQVFHFDVO¶HVWLPDWLRQGHODSOXLHV¶DSSXLHVXUODGLIIXVLRQSDU ODJODFHDWPRVSKpULTXHGHV02
GDQV OHV IUpTXHQFHV pJDOHV HW VXSpULHXUHV j  *+] )LJXUH F$ FHV IUpTXHQFHV OHV JURV
K\GURPpWpRUHVJODFpVHQVXVSHQVLRQDXGHVVXVGHODSOXLHDWWpQXHQWSDUGLIIXVLRQOHVVLJQDX[pPLV




G¶K\GURPpWpRUHV LVVXV GH PRGqOHV DWPRVSKpULTXHV RX G¶REVHUYDWLRQV UDGDU /HV02 SDVVLIV QH





















OH ODQFHPHQW GH OD7URSLFDO 5DLQIDOO0HDVXUHPHQW0LVVLRQ 7500 KWWSSPPQDVDJRYWUPP
DYHF j ERUG XQH JDPPH GH FDSWHXUV SDVVLIV PDLV DXVVL OH SUHPLHU UDGDU VDWHOOLWDLUH GpGLp DX[
SUpFLSLWDWLRQV 35 SRXU 3UHFLSLWDWLRQ 5DGDU D pWp XQH FRQWULEXWLRQ PDMHXUH j O¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV WURSLFDOHV /H 35 GH 7500 D SHUPLV GH PLHX[ GRFXPHQWHU OD VWUXFWXUH
WULGLPHQVLRQQHOOH GHV V\VWqPHV FRQYHFWLIV WURSLFDX[ HW D FRQWULEXp j DPpOLRUHU HW HQWUDvQHU OHV
DOJRULWKPHVG¶HVWLPDWLRQEDVpVVXUOHVFDSWHXUVSDVVLIV,5HW02/DPLVVLRQ7500DFDWDO\VpOH
GpYHORSSHPHQW G¶XQH QRXYHOOH JpQpUDWLRQ GH SURGXLWV SOXYLRPpWULTXHV GRQW FHUWDLQV VRQW XWLOLVpV
GDQVOHFDGUHGHFHWWHWKqVHHWVRQWGpFULWVFLGHVVRXV8QQRXYHDXSDVDpWpIUDQFKLHQDYHFOD
PLVVLRQ IUDQFRLQGLHQQH 0HJKD7URSLTXHV 07 KWWSPHJKDWURSLTXHVLSVOSRO\WHFKQLTXHIU
GpGLpHDXF\FOHGHO¶HDXHWGHO¶pQHUJLHGHO¶DWPRVSKqUHWURSLFDOH6RQRUELWHWUqVLQFOLQpH)LJXUH
DPpOLRUH O¶pFKDQWLOORQQDJHGHV WURSLTXHVDYHFSDVVDJHV SDU MRXUHQPR\HQQHj OD ODWLWXGHGH
1LDPH\
'HQRVMRXUVODFRQVWHOODWLRQGHOD*OREDO3UHFLSLWDWLRQ0LVVLRQ*30KWWSSPPQDVDJRY*30




SRUWH XQ UDGDU ELIUpTXHQFH .X.D TXL GHYUDLW SHUPHWWUH GH SURJUHVVHU HQFRUH GDQV OD
FRPSUpKHQVLRQ GHV SUpFLSLWDWLRQV HW OHXU HVWLPDWLRQ TXDQWLWDWLYH 8QH DXWUH QRXYHDXWp GDQV
O¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV HVW O¶XWLOLVDWLRQ GH SOXV HQ SOXV FRXUDQWH GHV UDGLRPqWUHV GH W\SH
a) b) 




VRQGHXUV FRQoXV SRXU O¶HVWLPDWLRQ GHV SURILOV GH YDSHXU G¶HDX HQ YXH GH O¶DVVLPLODWLRQ GDQV OHV
PRGqOHV GH SUpYLVLRQ PpWpRURORJLTXH %LHQ TXH PRLQV DGDSWpV j O¶HVWLPDWLRQ GH SOXLH TXH OHV
LPDJHXUVLOVDSSRUWHQWpJDOHPHQWXQHLQIRUPDWLRQVXUODVLJQDWXUHPLFURRQGHGHVSUpFLSLWDWLRQVHW
SHUPHWWHQW G¶DXJPHQWHU OD TXDQWLWp G¶LQIRUPDWLRQ GLVSRQLEOH SRXU UpDOLVHU GHV SURGXLWV






 Description des produits utilisés 
'H QRPEUHX[ SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV UpJLRQDX[ RX JOREDX[ LQVLWX RX
VDWHOOLWHV VRQW GLVSRQLEOHV OLEUHPHQW /HV VLWHV GH O¶,QWHUQDWLRQDO 3UHFLSLWDWLRQ :RUNLQJ *URXS
,3:* ZZZLVDFFQULWaLSZJ HW GH O¶,QWHUQDWLRQDO 5HVHDUFK ,QVWLWXWH ,5,











 Produits basés sur des mesures in-situ 
 Données locales : degré carré de Niamey (KRIG-DENSE) 
/H SURJUDPPH $00$ SRXU $IULFDQ 0RQVRRQ 0XOWLGLVFLSOLQDU\ $QDO\VLV HW VRQ
REVHUYDWRLUH SRXU OH &RXSODJH GH O¶$WPRVSKqUH 7URSLFDOH HW GX &\FOH +\GURORJLTXH $00$
&$7&+SHUPHWWHQWOHVXLYLGHSOXVLHXUVVLWHVG¶H[SpULPHQWDWLRQ0DOL1LJHU%HQLQHWODPLVHHQ
SODFH GH FDPSDJQHV WHUUDLQ GHSXLV OHV DQQpHV  SRXU OD FRPSUpKHQVLRQ GHV SURFHVVXV




LQWHQVpPHQW LQVWUXPHQWp HW FRPSRUWH XQ UpVHDX GHQVH GH SOXYLRJUDSKHV FRPSULV HQWUH  HW 
VWDWLRQVVHORQOHVDQQpHV)LJXUHD9LVFKHOHWDO'HVFKDPSVGHSOXLHVHWWUL
KRUDLUHVVRQWGpULYpVGHFHVGRQQpHVSRQFWXHOOHV jPLQXWHVjSDUWLUG¶XQH LQWHUSRODWLRQVSDWLDOH
EDVpH VXU OD WHFKQLTXH GX NULJHDJH/DJUDQJLHQ 9LVFKHO HW DO 'H SDU VD GHQVLWp OH UpVHDX
$00$&$7&+DGpMjpWpFRQVLGpUpFRPPHUpIpUHQFHGDQVGHQRPEUHXVHVpWXGHVGHYDOLGDWLRQGHV
SURGXLWVVDWHOOLWHVHQ$IULTXHGHO¶2XHVW.LUVWHWWHUHWDO5RFDHWDO*RVVHWHWDO






 Données régionales : réseaux d’Afrique de l’Ouest (KRIG) 
'HVGRQQpHVSOXYLRPpWULTXHVVRQWUHOHYpHVHQ$IULTXHGHSXLVOHqPHVLqFOH1LFKROVRQHWDO
 PDLV QH VRQW SDV WRXMRXUV IDFLOHPHQW DFFHVVLEOHV /H UDVVHPEOHPHQW GH GRQQpHV
SOXYLRPpWULTXHVHQ$IULTXHGHO¶2XHVWDHQWUHDXWUHpWpLQLWLDOLVpSDU O¶,QVWLWXWGHUHFKHUFKHSRXUOH
'pYHORSSHPHQW ,5' DQFLHQQHPHQW DSSHOp 256720 2IILFH GH OD 5HFKHUFKH 6FLHQWLILTXH HW
7HFKQLTXH2XWUH0HU/H%DUEpHWDORQWSRXUVXLYLODPLVHHQSODFHGHODEDVHVGHGRQQpHV




















 Données globales : réseaux du Climate Prediction Center (CPC) 
/H &OLPDWH 3UHGLFWLRQ &HQWUH GH OD 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ
12$$PHWjGLVSRVLWLRQXQMHXGHGRQQpHVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVOH&3&8QLILHG*DXJH
%DVHG$QDO\VLVRI*OREDO'DLO\3UHFLSLWDWLRQGLVSRQLEOHjO¶pFKHOOHJOREDOHGHSXLVjXQSDVGH





$PpULTXH GX 6XG(Q$IULTXH GH O¶2XHVW FH UpVHDX HVW SOXW{W OkFKH HW VXU OH EDVVLQ GX ELHI
$QVRQJR1LDPH\ODPR\HQQHDQQXHOOHGXQRPEUHGHSOXYLRPqWUHVYDULHHQWUHHW)LJXUH
E/HSURGXLW&3&HVWEDVpVXUXQHPpWKRGHG¶LQWHUSRODWLRQFKRLVLHSRXUSHUPHWWUHXQHHVWLPDWLRQ
RSWLPDOH GHV SUpFLSLWDWLRQV SRXU GLIIpUHQWHV FRQGLWLRQV FOLPDWLTXHV HW GH GHQVLWp GH UpVHDX[
LQWHUSRODWLRQ RSWLPDOH GH *DQGLQ  /HV HUUHXUV G




























 Produits basés sur des mesures satellites 







/HVDWHOOLWH07HVWGpGLpj ODFHLQWXUHWURSLFDOHJUkFHjVRQRUELWH WUqV LQFOLQpHSDUUDSSRUWj
O¶(TXDWHXU )LJXUH   HW DPpOLRUH O¶pFKDQWLOORQQDJH GH FHWWH UpJLRQ 07 HVW pTXLSp GH WURLV
LQVWUXPHQWVYLVDQWjDPpOLRUHUODFRPSUpKHQVLRQGHVF\FOHVGHO¶HDXHWGHO¶pQHUJLHHQ]RQHWURSLFDOH
0$'5$6 0LFURZDYH $QDO\VLV DQG 'HWHFWLRQ RI 5DLQ DQG $WPRVSKHULF 6WUXFWXUHV 6$3+,5




JUkFH j OD WHFKQLTXH 8$*3, SRXU REWHQLU GHV FXPXOV GH SOXLH MRXUQDOLHUV /D PpWKRGH 8$*3,




JOREDOH PDLV SRXU SOXV GH SUpFLVLRQ OD PpWKRGH 8$*3, FRPSRUWH XQH SKDVH G¶HQWUDvQHPHQW








j SDUWLU GX VRQGHXU 6$3+,5 GRQW OHV FDQDX[ GDQV OH GRPDLQH  *+] VRQW VHQVLEOHV DX[
K\GURPpWpRUHVJODFpV/DYHUVLRQGH7$3((5XWLOLVpHGDQVFHWWHWKqVHYHUVLRQLQWqJUHGRQFOHV
GRQQpHV 6$3+,5 HW QRQ 0$'5$6 /HV VpULHV WHPSRUHOOHV GH PHVXUHV ,5 SURYLHQQHQW GHV
UDGLRPqWUHVGHVVDWHOOLWHV*2(606*0HWHRVDWHW076$7VHORQOD]RQHGXJOREH










 TRMM Multisatellite Precipitation Analysis (TMPA) 
/D PLVVLRQ7500 1$6$-$;$ ODQFpH HQ  HVW j O¶RULJLQH GH SOXVLHXUV SURGXLWV
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQV703$SRXU75000XOWLVDWHOOLWH3UHFLSLWDWLRQ$QDO\VLV+XIIPDQ
HWDOHWDFWXDOLVDWLRQVXUIWSPHVRDJVIFQDVDJRYSXEWUPPGRFV%B%BGRFSGI&H
VDWHOOLWH GpGLp j O¶pWXGH GHV SUpFLSLWDWLRQV GH OD FHLQWXUH WURSLFDOH HVW pTXLSp HQWUH DXWUH GH
UDGLRPqWUHV,59LVLEOHDQG,QIUDUHG6FDQQHU9,560275000LFURZDYH,PDJHU70,HWG¶XQ
UDGDU GpGLp DX[ SUpFLSLWDWLRQV 3UHFLSLWDWLRQ 5DGDU 35 /HV DOJRULWKPHV GHV SURGXLWV 703$
FRPELQHQWOHVGRQQpHVSURYHQDQWGHGLYHUVVDWHOOLWHV7500HWDXWUHVHWVHEDVHQWVXUpWDSHVOD
FDOLEUDWLRQHWODFRPELQDLVRQGHVHVWLPDWLRQVGHSUpFLSLWDWLRQV02 ODFUpDWLRQGHVHVWLPDWLRQVGH




SUpFLSLWDWLRQV ,5 j SDUWLU GHV HVWLPDWLRQV 02 OD FRPELQDLVRQ GHV GHX[ W\SHV G¶HVWLPDWLRQV
SUpFpGHQWHV /
HVWLPDWLRQ GHV SUpFLSLWDWLRQV VDWHOOLWHV02 HVW EDVpH VXU OHV GRQQpHV70, 660,
$065( FRQYHUWLHV HQ SUpFLSLWDWLRQV SDU O




GH OD FRQVWHOODWLRQ LQWHUQDWLRQDOH GHV VDWHOOLWHV JpRVWDWLRQQDLUHV EDVHV GH GRQQpHV GX &OLPDWH
3UHGLFWLRQ&HQWUHHWGX7&,7500&RPELQHG,QVWUXPHQWTXLXWLOLVH70,HWOH35/DGHUQLqUH
YHUVLRQGHVSURGXLWV703$LQWqJUHpJDOHPHQWGHVGRQQpHVLVVXHVGX6RQGHXUG¶+XPLGLWp0LFURRQGH







 African Rainfall Estimate Algorithm version 2 (RFE2) 
5)(/RYHHWDOZZZFSFQFHSQRDDJRYSURGXFWVIHZV$)5B&/,0DIUBFOLPKWPO
HVW OD YHUVLRQ  GX SURGXLW UpJLRQDO G




VLWX /D SUHPLqUH pWDSH GH O










 Climate Prediction Centre MORPHing method (CMORPH) 
&0253+HVWOHSURGXLWVDWHOOLWHG
HVWLPDWLRQGHVSUpFLSLWDWLRQVGX&OLPDWH3UHGLFWLRQ&HQWUH
-R\FH HW DO  ZZZFSFQFHSQRDDJRYSURGXFWVMDQRZLDNFPRUSKBGHVFULSWLRQKWPO






DOJRULWKPH GH )HUUDUR $068% DOJRULWKPH GH )HUUDUR HW DO $065( HW 70,
DOJRULWKPHGH.XPPHURZHWDO/HVGRQQpHV,5LVVXHVGHODFRQVWHOODWLRQLQWHUQDWLRQDOHGHV
VDWHOOLWHV JpRVWDWLRQQDLUHV EDVHV GH GRQQpHV GX &OLPDWH 3UHGLFWLRQ &HQWUH VRQW XWLOLVpHV SRXU
O
LQWHUSRODWLRQVSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQVVXUGHVSpULRGHVRXGHVVXUIDFHVROHVHVWLPDWLRQV
02QHVRQWSDVGLVSRQLEOHV&0253+ HVWXQSURGXLW WHPSV UpHOGLVSRQLEOHDYHFXQGpODLGH
KHXUHVjXQHILQHUpVROXWLRQGHNP±PLQVDYHUVLRQ±KHVWXWLOLVpHGDQVFHWWHpWXGH

 Precipitation Estimation from Remotely Sensed Information using 
Artificial Neural Network (PERSIANN) 
/¶DOJRULWKPHGXSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVVDWHOOLWHV3(56,$116RURRVKLDQHW
DO  KWWSFKUVZHEXFLHGXUHVHDUFKVDWHOOLWHBSUHFLSLWDWLRQDFWLYLWLHVKWPO HVW EDVp VXU OHV






'HSXLV  XQ SURGXLW SRVWDMXVWp j YRFDWLRQ FOLPDWLTXH3(56,$11&'5 SRXU
3(56,$11&OLPDWH'DWD5HFRUG HVW GLVSRQLEOH VXU OD SpULRGH SUpVHQW j XQ SDV GH WHPSV
MRXUQDOLHU HW XQH UpVROXWLRQ VSDWLDOH GH   $VKRXUL HW DO 
ZZZQFGFQRDDJRYFGURSHUDWLRQDOFGUVKWPO&HSURGXLWHVWEDVpVXUOHVDUFKLYHVGHPHVXUHV,5GX




















































































































 Performances des estimations des précipitations au Sahel 
/¶XWLOLVDWLRQG¶XQSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVGRLWrWUHDFFRPSDJQpHG¶XQHpWDSH
SUpOLPLQDLUH G¶DQDO\VH HW GH YDOLGDWLRQ GRQW OHV FULWqUHV pFKHOOHV FULWqUHV GH YDOLGLWp HWF«
GpSHQGHQWGHO¶DSSOLFDWLRQ8QpWDWGHO¶DUWGHVSHUIRUPDQFHVGHVSURGXLWVVDWHOOLWHVVXU ODFHLQWXUH
6DKpOLHQQH HVW GUHVVp GDQV OD SUHPLqUH VHFWLRQ GH FH SDUDJUDSKH /D VHFRQGH VHFWLRQ UpVXPH
O¶DFWXDOLVDWLRQ GH FHWWH pYDOXDWLRQ  OHV SURGXLWV GpFULWV SUpFpGHPPHQW VDWHOOLWH HW LQVLWX VRQW
FRQIURQWpVjXQHUpIpUHQFHF¶HVWjGLUHDXSURGXLWFRQVLGpUpFRPPHOHSOXVSURFKHGHODUpDOLWpLFL
FRQVWLWXp SDU OH MHX GH GRQQpHV$00$&$7&+ GX GHJUp FDUUp GH 1LDPH\ .5,*'(16( /D
WURLVLqPH VHFWLRQ FRPSDUH OHV GLIIpUHQWV SURGXLWV KRUV UpIpUHQFH j O¶pFKHOOH GH O¶DLUH G¶pWXGH OH
EDVVLQGXELHI$QVRQJR1LDPH\




 Etat de l’art 
3OXVLHXUV pWXGHV RQW pYDOXp OHV SHUIRUPDQFHV GHV SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV
VDWHOOLWHV VXU ODFHLQWXUH VDKpOLHQQHjGLIIpUHQWHVpFKHOOHVVSDWLDOHVHW WHPSRUHOOHV&HVpWXGHVRQW
FRPSDUp OHV SURGXLWV VDWHOOLWHV j GHV GRQQpHV LQVLWX LQGpSHQGDQWHV GLIIpUHQWHV GH FHOOHV TXH OHV





















pFKHOOH *XLOORWHDX HW DO 'DQV O
HQVHPEOH OHV SURGXLWV WHPSV UpHOV %57&0253+HW
3(56,$11SUpVHQWHQWGHVELDLVSRVLWLIVSRXUWRXWHVOHVpFKHOOHVVSDWLDOHVHWWHPSRUHOOHVDERUGpHV
*XLOORWHDX HW DO  *RVVHW HW DO  3LHUUH HW DO  HW 3(56,$11 SUpVHQWH OHV





HQVHPEOH *XLOORWHDX HW DO *RVVHW HW DO  /HV ERQQHV SHUIRUPDQFHV HQ













GHV LPSDFWV VXU ODPRGpOLVDWLRQ K\GURORJLTXHTXDQGFHVSURGXLWV VRQWXWLOLVpVHQ WDQWTXH IRUoDJH
SOXYLRPpWULTXH 6WLVHQ DQG 6DQGKROW  %LWHZ HW *HEUHPLFKDHO  *RVVHW HW DO 
7KLHPLQJHWDO

 Analyse des performances des produits d’estimation pluviométriques 
(satellites et in-situ) sur le degré carré de Niamey 
&H VRXVSDUDJUDSKH SUpVHQWH O¶DFWXDOLVDWLRQ GH O¶pYDOXDWLRQ GHV GLIIpUHQWV SURGXLWV
G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV LQVLWX HW VDWHOOLWHV HQ OHV FRPSDUDQW j OD UpIpUHQFHLVVXH GX VLWH
G¶REVHUYDWLRQ GX GHJUp FDUUp GH 1LDPH\ G¶$00$&$7&+ .5,*'(16( GLVSRQLEOH VXU OD
SpULRGH/HSURGXLW7$3((5Q¶HVWSDVDERUGp LFLSXLVTX¶LO QHFRPSRUWHTX¶XQHDQQpH
FRPPXQH DYHF OD UpIpUHQFH PDLV OH FKDSLWUH  GpFULW HQ GpWDLO VHV FDUDFWpULVWLTXHV HW VRQ
XWLOLVDWLRQ SRXU OD PRGpOLVDWLRQ K\GURORJLTXH /¶pYDOXDWLRQ SUpVHQWpH LFL FRQFHUQH WRXV OHV DXWUHV













SL[HO G¶RULJLQH /¶HQVHPEOH GHV SURGXLWV HVW pJDOHPHQW UDPHQp DX SDV GH WHPSV MRXUQDOLHU HW
O¶DQDO\VHHVWPHQpHVXUOHVPRLVGHODVDLVRQGHVSOXLHV-XLQ-XLOOHW$RXW6HSWHPEUH
/DFRPSDUDLVRQGHVFXPXOVDQQXHOVSHUPHWG¶pYDOXHUVLXQSURGXLWHVWLPHFRUUHFWHPHQWODSURGXFWLRQ
DQQXHOOH GH SUpFLSLWDWLRQV 0DLV GDQV OH FDGUH G¶XQH XWLOLVDWLRQ GH FHV SURGXLWV HQ HQWUpH G¶XQH
PRGpOLVDWLRQK\GURORJLTXHGDQVXQHUpJLRQRXODYDULDWLRQVSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQVHVW
pOHYpHFKDSLWUHLOHVWpJDOHPHQWLQGLVSHQVDEOHG¶pYDOXHUOHVSURGXLWVVXUG¶DXWUHVFULWqUHVWHOTXH


















/DPR\HQQH FRQGLWLRQQHOOH MRXUQDOLqUH HVW UpDOLVpH SRXU FKDTXH DQQpH j SDUWLU GHV MRXUV SOXYLHX[
GpILQLV FLGHVVXV/HV VpULHV WHPSRUHOOHV DQQXHOOHV GHV FXPXOVPR\HQQHV FRQGLWLRQQHOOHV HW MRXUV
SOXYLHX[VRQWFDOFXOpVSRXUFKDFXQGHVSL[HOVGHFRPSRVDQWOHGHJUpFDUUpGH1LDPH\
SXLV PR\HQQpV SRXU REWHQLU XQH YDOHXU SDU DQ SDU SURGXLW pWXGLp (QILQ O¶H[WHQVLRQ VSDWLDOH GHV
SUpFLSLWDWLRQV FRUUHVSRQG DX QRPEUH GH SL[HOV SOXYLHX[ DXGHVVXV GH PPM 3RXU OD ]RQH









GH UpGXLUH O¶LPSDFW GHV SRLQWV H[WUrPHV QRQ UHSUpVHQWDWLIV G¶XQH VpULH PDLV TXL LQIOXHQFHQW
VLJQLILFDWLYHPHQW OD FRUUpODWLRQ HQWUH GHX[ VpULHV ORUVTX¶HOOHV VRQW UpGXLWHV IDLEOHV HIIHFWLIV /H
FRHIILFLHQW GH 6SHDUPDQ HVW pJDOHPHQW SOXV DGDSWp SRXU GHV UHODWLRQV QRQ OLQpDLUHV 'H PDQLqUH
JpQpUDOHFHVGHX[LQGLFHVYDULHQWGDQVOHPrPHVHQV)LJXUHHWOHVSOXVJUDQGHVGLIIpUHQFHVVRQW
REVHUYpHVTXDQGODUHODWLRQOLQpDLUHHQWUHOHVVpULHVHVWGLVSHUVpHFDVGH5)GHOD)LJXUHD






a) Cumul annuel des précipitations 
 















c) Nombre de jours pluvieux 
 

d) Extention spatiale journalière moyenne  
des précipitations

)LJXUH   *UDSKLTXHV GHV VpULHV WHPSRUHOOHV DQQXHOOHV GHV FXPXOV D PR\HQQHV
FRQGLWLRQQHOOHV MRXUQDOLqUHV E MRXUV SOXYLHX[ F H[WHQVLRQV VSDWLDOHV PR\HQQHV G GHV









OHV SURGXLWV VDWHOOLWHV ©SXUVª TXL Q¶LQWqJUHQW SDV G¶LQIRUPDWLRQ LQVLWX VXUHVWLPHQW
V\VWpPDWLTXHPHQW OD SURGXFWLRQ DQQXHOOH GH SUpFLSLWDWLRQ HQ DFFRUG DYHF OHV pWXGHV SUpFpGHQWHV
'DQV OHV FDV GH&0253+ HW GH 3(56,$11 OH FXPXO SHXW rWUH GRXEOpPDLV OH ELDLV HVWPRLQV





SOXV GLVSHUVpHV 'HV VpULHV SOXV ORQJXHV SRXUUDLHQW GRQQHU GHV UHODWLRQV SOXV UREXVWHV HQWUH OHV
SURGXLWVHWODUpIpUHQFH'HPDQLqUHJpQpUDOHO¶LQWpJUDWLRQGHGRQQpHVLQVLWXSHUPHWG¶DPpOLRUHUOD




SURGXLWV LO H[LVWH GH IRUWHV GLVSDULWpV GDQV OHXU PDQLqUH GH GLVWULEXHU OHV SUpFLSLWDWLRQV .5,*
3(56,$11&'5HW5)(RQWWHQGDQFHjOLVVHUOHVFKDPSVGHSOXLHVLOVVXUHVWLPHQWOHQRPEUHGH
MRXUVSOXYLHX[ )LJXUHFHW OD IUpTXHQFHGHVSOXLHVGH IDLEOH LQWHQVLWp HQWUHHWPPM
)LJXUHD6LG¶DSUqVODUpIpUHQFHODFODVVHPPMFRQWULEXHOHSOXVDXFXPXODQQXHO.5,*
3(56,$11&'5HW5)( UpSDUWLVVHQW OD FRQWULEXWLRQ SULQFLSDOH GDQV GHV FODVVHV GH SOXV IDLEOHV
LQWHQVLWpV)LJXUHE'HFHVMRXUVSOXYLHX[QRPEUHX[HWSHXLQWHQVHVUpVXOWHQWGHVPR\HQQHV
FRQGLWLRQQHOOHVMRXUQDOLqUHVIDLEOHV)LJXUHE6XUOHGHJUpFDUUpGH1LDPH\FRQVWLWXpGHSL[HOV









GDQV O¶HVSDFH )LJXUHGPDLV VXUHVWLPHQW OHQRPEUHGH MRXUVSOXYLHX[ )LJXUHFHW OHXU
LQWHQVLWp)LJXUH'HPDQLqUHHQFRUHSOXVLPSRUWDQWHTXH%57HW%YLOVVXUHVWLPHQWOD
IUpTXHQFHGHVSOXLHVLQWHQVHVVXSpULHXUHVjPPMHWOHXUVFRQWULEXWLRQVDXFXPXODQQXHO)LJXUH




  /H SURGXLW &3& QH VHPEOH SDV SUpVHQWHU GH WHQGDQFH SDUWLFXOLqUH OHV UHODWLRQV HQWUH VHV
FDUDFWpULVWLTXHV HW FHOOHV GH OD UpIpUHQFH VRQW DVVH] GLVSHUVpHV PDLV VDQV VXUHVWLPDWLRQ RX VRXV
HVWLPDWLRQ V\VWpPDWLTXH )LJXUH   HW VHV GLVWULEXWLRQV HQ LQWHQVLWp VRQW OHV SOXV SURFKHV GH OD
UpIpUHQFH )LJXUH   ,O HVW GRQF pYLGHQW TXH GHV SURGXLWV SUpVHQWDQW GHV FXPXOV VLPLODLUHV RX
SURFKHV GH OD UpIpUHQFH SUpVHQWHQW WRXWHIRLV GHV GLVWULEXWLRQV VSDWLRWHPSRUHOOHV HW HQ LQWHQVLWp










XQ OLVVDJH GX FKDPSGH SOXLH FRPPHSRXU3(56,$11&'5HW5)( LL LO H[LVWH XQH GLVSDULWp
LPSRUWDQWHGDQV ODGLVWULEXWLRQVSDWLRWHPSRUHOOHHWHQ LQWHQVLWpGHVSUpFLSLWDWLRQVPrPHVHQWUHOHV
SURGXLWV SUpVHQWDQW GHV FXPXOV VLPLODLUHV j OD UpIpUHQFH HW DXFXQ QH UHSURGXLW OD GLVWULEXWLRQ GHV
SUpFLSLWDWLRQVREVHUYpHVXUOHGHJUpFDUUpGH1LDPH\/HVSURGXLWVLQVLWX.5,*HW&3&SUpVHQWHQW




OHV PHLOOHXUHV SHUIRUPDQFHV j O¶pFKHOOH GX GHJUp FDUUp GH 1LDPH\ HQ WHUPHV GH FXPXO DQQXHO
&HSHQGDQWLOVGpIRUPHQWODGLVWULEXWLRQG¶LQWHQVLWpHWFHGHPDQLqUHWUqVGLIIpUHQWHVDQVGRXWHOLpH
DX[ PpWKRGHV G¶LQWHUSRODWLRQ &HV UpVXOWDWV FRQILUPHQW GRQF TXH OH VLPSOH FDUDFWqUH GLUHFW GHV
PHVXUHV LQVLWXQHSHXWVHXOSHUPHWWUHDX[SURGXLWVTXLHQVRQW LVVXVG¶rWUHFRQVLGpUpVFRPPHGHV
UpIpUHQFHV(QILQ OHV FRUUpODWLRQV SOXV IDLEOHV SRXU OHV SURGXLWV VDWHOOLWHV SRVW DMXVWpV %Y HW
5)(VRQWSHXWrWUHSDUWLHOOHPHQWLPSXWDEOHVjODIDLEOHORQJXHXUGHOHXUVVpULHV

 Caractéristiques des produits d’estimation pluviométriques (satellites et in-
situ) sur le bassin du bief Ansongo-Niamey 
3RXU FRQILUPHU OHV UpVXOWDWV REWHQXV j O¶pFKHOOH GX GHJUp HQ SDUWLFXOLHU HQ WHUPHV GH
GLVWULEXWLRQVSDWLDOHODPrPHDQDO\VHHVWUpDOLVpHVXUOHEDVVLQGXELHI$QVRQJR1LDPH\)LJXUH
$XFXQH UpIpUHQFH Q¶pWDQW GLVSRQLEOH j O¶pFKHOOH GX VRXV EDVVLQ OHV SURGXLWV VRQW VLPSOHPHQW
FRPSDUpVHQWUHHX[/D)LJXUHSUpVHQWHOHVVpULHVWHPSRUHOOHVDQQXHOOHVGHVFXPXOVPR\HQQHV
FRQGLWLRQQHOOHV MRXUV SOXYLHX[ HW H[WHQVLRQV VSDWLDOHV SRXU FKDTXH SURGXLW VXU VD SpULRGH GH
GLVSRQLELOLWp/H7DEOHDXUHJURXSHOHVYDOHXUVPR\HQQHVHWpFDUWVW\SHVGHFHVYDULDEOHVSRXUOD
SpULRGH FRPPXQH j O¶HQVHPEOH GHV SURGXLWV  /HV PrPHV WHQGDQFHV LQWHUSURGXLWV
REWHQXHV VXU OH GHJUp FDUUp GH1LDPH\ VRQW REVHUYDEOHV VXU O¶HQVHPEOH GX VRXV EDVVLQ$QVRQJR
1LDPH\/HVSURGXLWV VDWHOOLWHVSXUVSUpVHQWHQW OHVFXPXOVDQQXHOV OHVSOXV IRUWV HQSUHPLHU OLHX
3(56,$11 VXLYL SDU &0253+ HW %57 GDQV XQH PRLQGUH PHVXUH /HV SURGXLWV LQVLWX HW




XQH IRUWH H[WHQVLRQ VSDWLDOH DXWRXU GH  GX GRPDLQH pWXGLp HW GHV LQWHQVLWpV HW PR\HQQHV










































.5,*       
&3&       
%Y   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5)(       
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      
3(56,$11
&'5
   










&0253+ 3(56,$11 3(56,$11&'5 ± GLVSRQLEOHV VXU XQH SpULRGH G¶DX PRLQV  DQV HW
FRQIURQWpVjXQHUpIpUHQFHLQVLWX.5,*'(16(SRVVqGHQWGHVFDUDFWpULVWLTXHVGLIIpUHQWHVDXWDQW
HQWHUPHVGHFXPXOVDLVRQQLHUTXHGHGLVWULEXWLRQLQWUDVDLVRQQLqUH/HVSURGXLWV LQVLWX.5,*HW
&3& DLQVL TXH OD SOXSDUW GHV SURGXLWV VDWHOOLWHV SRVWDMXVWpV SDU GHV GRQQpHV LQVLWX 5)( HW
3(56,$11&'5 VH UDSSURFKHQW ELHQ GX FXPXO GH OD UpIpUHQFH PHLOOHXUHV FRUUpODWLRQV








SHUGUH GH YXH TX¶HQ SOXV GHV SHUIRUPDQFHV GHV SURGXLWV SDU UDSSRUW j XQH UpIpUHQFH OHXUV
UpVROXWLRQVFRQVWLWXHQWDXVVLXQHOLPLWH VHORQOHVQpFHVVLWpVGHO¶pWXGH,FL OHVSHUIRUPDQFHVLQIUD
MRXUQDOLqUHVQ¶RQWSDVpWpFRQVLGpUpHVSXLVTXHGHQRPEUHX[SURGXLWVVRQWUpVROXVMRXUQDOLqUHPHQW
0DLV DX 6DKHO R OHV pYqQHPHQWV VRQW LQWHQVHV HW WUqV YDULDEOHV VSDWLRWHPSRUHOOHPHQWPrPH j





LQWHUSURGXLWVHW OHXUVFDSDFLWpVjSRXYRLU UHSURGXLUH OHV UpFHQWVpYqQHPHQWVGH ODFUXHURXJHGH
1LDPH\VRQWpYDOXpVGDQVOHFKDSLWUH3RXUDOOHUSOXVORLQGDQVO¶pWXGHGHO¶LPSDFW
GHV HUUHXUV DVVRFLpHV DX[ HVWLPDWLRQV GH OD SOXLH HW OHXU SURSDJDWLRQ GDQV OD PRGpOLVDWLRQ
K\GURORJLTXH OHVSHUIRUPDQFHVHW OHVDSSRUWVGXQRXYHDXSURGXLW7$3((5SDVDERUGpVGDQVFH










Chapitre 3 Modélisation hydrologique du Niger à Niamey : 




DQV FHV WUDYDX[ GH WKqVH ODPRGpOLVDWLRQ K\GURORJLTXH FRQVWLWXH XQ RXWLO VRLW SRXU








XQPRGqOH GH VXUIDFH ,6%$ j XQPRGqOH GH URXWDJH 75,32XWUH OD WUDQVSRVLWLRQ SRVVLEOH GH
O¶H[SpULHQFHDYHFXQWHOPRGqOHXQDXWUHDYDQWDJHUpVLGHGDQVO¶DEVHQFHGHFDOLEUDWLRQWHOOHTXH
FHOOHQpFHVVDLUHSRXUGHVPRGqOHVSOXLHGpELWFRQFHSWXHOVSOXVFODVVLTXHPHQWXWLOLVpVHQK\GURORJLH







EDVVLQGX1LJHUDLQVLTXH OHVGLIILFXOWpV UHQFRQWUpHVYLVjYLVGH OD VLPXODWLRQGHVGpELWVGDQV OH
1LJHUPR\HQHQSDUWLFXOLHUj1LDPH\(QILQODFRQILJXUDWLRQVXUOHEDVVLQGXELHI$QVRQJR1LDPH\
HVWGpFULWH6SpFLILTXHjFHWWHpWXGHHWXWLOLVpHGDQVO¶HQVHPEOHGHVWUDYDX[GHWKqVHHOOHV¶DIIUDQFKLW
GHVSUREOqPHVGHVLPXODWLRQGH OD ]RQHDPRQW 'HOWD LQWpULHXU HW VHFRQFHQWUH VXU OHVSURFHVVXV
ORFDX[LQGXLVDQWODFUXH5RXJH 
'




 La plate-forme SURFEX 












GHV SURFHVVXV OLpV DX[ DpURVROV 685)(; SHXW rWUH XWLOLVp HQ PRGH FRXSOp DYHF XQ PRGqOH
PpWpRURORJLTXHRXHQPRGHIRUFpDYHFGHVREVHUYDWLRQVPpWpRURORJLTXHV(QPRGHIRUFpOHPRGqOH
GH VXUIDFH Q
D DXFXQH UpWURDFWLRQ VXU O
DWPRVSKqUH FRQWUDLUHPHQW DX FRXSODJH DYHF XQ PRGqOH
PpWpRURORJLTXH'DQVFHWWHpWXGH685)(;HVWXWLOLVpHQPRGHIRUFpHWVHXOHODFRPSRVDQWH,6%$




































/DYRFDWLRQ LQLWLDOHGHVPRGqOHVGH VXUIDFHHVWG¶DPpOLRUHU ODSUpYLVLRQ QXPpULTXHGX WHPSVGHV
pFKHOOHV PpWpRURORJLTXHV j FOLPDWLTXHV HQ SUHQDQW PLHX[ HQ FRPSWH OHV IOX[ HW UpWURDFWLRQV j
O¶LQWHUIDFHVRODWPRVSKqUH0DLVFHVPRGqOHVVRQWpJDOHPHQWGHSOXVHQSOXVXWLOLVpVSRXUDQDO\VHUOH
F\FOH GH O¶HDX FRQWLQHQWDOH HW WHVWHU QXPpULTXHPHQW O¶LPSDFW GHV FKDQJHPHQWV FOLPDWLTXHV VXU
O¶K\GURORJLHHWODUHVVRXUFHHQHDXGDQVGLIIpUHQWHVUpJLRQVGXPRQGH&RPPHOHVPRGqOHVGHFOLPDW
DYHFOHVTXHOVLOVV¶LQWHUIDFHQWOHVPRGqOHVGHVXUIDFHVRQWFRQoXVjO¶pFKHOOHJOREDOH3RXUOLPLWHUOD
ORXUGHXU QXPpULTXH GH WHOV PRGqOHV OHV SURFHVVXV SK\VLTXHV VRQW UHSUpVHQWpV SDU GHV V\VWqPHV
G¶pTXDWLRQV VLPSOLILpHV RX µSDUDPpWULVDWLRQ¶ TXL IRQW DSSHO j GHV K\SRWKqVHV VLPSOLILFDWULFHV /D
PRGpOLVDWLRQ GHV SURFHVVXV DWPRVSKpULTXHV LPSRVH j FHVPRGqOHV GHV SDV GH WHPSV UHODWLYHPHQW
FRXUWV W\SLTXHPHQW GH O¶RUGUH GH OD PLQXWH j O¶KHXUH /HV UpVROXWLRQV VSDWLDOHV VRQW SDU FRQWUH
UHODWLYHPHQWJURVVLqUHV W\SLTXHPHQWTXHOTXHVGL]DLQHVjFHQWDLQHVGHNPHWSRXU ODYHUVLRQ
G¶,6%$75,3 XWLOLVpH LFL /H PDLOODJH UpJXOLHU Q¶HVW SDV LGpDO SRXU OD UHSUpVHQWDWLRQ GHV EDVVLQV
K\GURORJLTXHV DX[ FRQWRXUV LUUpJXOLHUV PDLV LO HVW ELHQ DGDSWp SRXU O¶XWLOLVDWLRQ GH SURGXLWV
SOXYLRPpWULTXHVJULOOpV





 Avantages et motivations à l’utilisation d’ISBA-TRIP 
'DQVOHFDGUHGHFHWWHWKqVHODGLVWULEXWLRQVSDWLDOHGXPRGqOHVLHGDXPDLOODJHGHVSURGXLWV






/DG\QDPLTXHVFLHQWLILTXHHW OHVFROODERUDWLRQVHQFRXUVHQWUH O¶2EVHUYDWRLUH0LGL3\UpQpHVHW OH
&150VXUO¶K\GURORJLHVSDWLDOHHQ]RQHWURSLFDOHGDQVOHVTXHOOHVV¶LQVFULYHQWFHVWUDYDX[GHWKqVH
RQWDXVVLSUpYDOXDXFKRL[GHODSODWHIRUPH685)(;,6%$75,3SRXUFHWWHpWXGH3OXVLHXUVWUDYDX[




 Le modèle de surface ISBA 
 Historique 
,6%$±SRXU,QWHUDFWLRQEHWZHHQ6RLO%LRVSKHUHDQG$WPRVSKHUH±HVWXQPRGqOHGHVXUIDFH













(QSUHPLHU OLHX OHV HIIRUWV GH GLYHUV DXWHXUVRQW SHUPLV O¶DPpOLRUDWLRQ GH OD UHSUpVHQWDWLRQ GH OD















XQH K\GURORJLH VRXVPDLOOH SHUPHW XQH PHLOOHXUH SULVH HQ FRPSWH GH
O¶KpWpURJpQpLWpVSDWLDOHGHVSDUDPqWUHVLPSOLTXpVGDQVOHVSURFHVVXVK\GURORJLTXHVWRSRJUDSKLHVRO







HQVHPEOH GH OD FHOOXOH VXUWRXW j O¶pFKHOOH  /¶KpWpURJpQpLWp VRXVPDLOOH GH OD
FDSDFLWp G
LQILOWUDWLRQ HVW DORUV SULVH HQ FRPSWH SDU O
DMRXW GX VFKpPD GH &DSDFLWp G
,QILOWUDWLRQ










GH 72302'(/ 723RJUDSKL\ EDVHG K\GURORJLFDO 02'(/ &RPPH VRQ QRP O
LQGLTXH
72302'(/ SUHQG HQ FRPSWH H[SOLFLWHPHQW O
KpWpURJpQpLWp GH OD WRSRJUDSKLH JUkFH j XQ LQGLFH
WRSRJUDSKLTXHGLVWULEXpVSDWLDOHPHQW&HIRUPDOLVPHSUpVHQWHpJDOHPHQWO
DYDQWDJHGHQHQpFHVVLWHU
































DYHFXQVFKpPD jFRXFKHV %RRQHHW(WFKHYHUV/HVSURFHVVXV OLpVDXJHOGXVRORQWpWp
LPSOpPHQWpVSDU%RRQHHWDO





%RRQHHW DO ODFRXFKHGHVXUIDFHVXSHUILFLHOOHZ ODFRXFKH UDFLQDLUHZ HW ODFRXFKHGH
GUDLQDJHSURIRQGZ/
pYDSRUDWLRQGHVVROVQXV(VRLOHWODWUDQVSLUDWLRQGHODYpJpWDWLRQ(WUDQVSVRQW














HDX GH OD FDQRSpH 3 NJP V 3UpFLSLWDWLRQV OLTXLGHV 5U NJP V 5XLVVHOOHPHQW GH OD
FDQRSpH,UNJPV,QILOWUDWLRQGHVXUIDFH'NJPV'LIIXVLRQ.NJPV'UDLQDJH(VRLO
NJP VeYDSRUDWLRQGX VRO(WUDQVS NJP V7UDQVSLUDWLRQGH OD YpJpWDWLRQ(FDQRS NJP V
eYDSRUDWLRQGHODFDQRSpH4VNJPV5XLVVHOOHPHQWGHVXUIDFH

















pQHUJLH x 7HPSpUDWXUHGHODFRXFKHGHVXUIDFH 76x 7HPSpUDWXUHGHODFRXFKHUDFLQDLUH 7
%LODQG












GHV FRXFKHV GH VRO R & FRUUHVSRQG DX FRHIILFLHQW G
pFKDQJH G
KXPLGLWp HQWUH OD VXUIDFH HW
O
DWPRVSKqUH ௗ௪భௗ௧ ൌ ஼భఘೢௗభ ሺܫ௥ െ ܧ௦௢௜௟ሻ െ ܦଵ  ݓ௠௜௡ ൑ ݓଵ ൑ ݓ௦௔௧  (Tௗ௪మௗ௧ ൌ ஼భఘೢௗమ ൫ܫ௥ െ ܧ௦௢௜௟ െ ܧ௧௥௔௡௦௣൯ െ ܭଶ െ ܦଶ ݓ௠௜௡ ൑ ݓଶ ൑ ݓ௦௔௧ (Tௗ௪యௗ௧ ൌ ௗమሺௗయିௗమሻ ሺܭଶ ൅ ܦଶሻ െ ܭଷ ݓ௠௜௡ ൑ ݓଷ ൑ ݓ௦௔௧ (Tௗ௪೟ௗ௧ ൌ ݒ݁݃ ൈ ܲ െ ܧ௥ െ ܴ௥ Ͳ ൑ ݓ௥ ൑ ݓ௥೘ೌೣ  (T





O¶LQILOWUDWLRQ O¶pYDSRUDWLRQ OD GLIIXVLRQ HWF« TXH OH PRGqOH GRLW UHSUpVHQWHU YLD VRQ V\VWqPH
G¶pTXDWLRQVVLPSOLILpHVRXSDUDPpWULVDWLRQH[SOLFLWpHVFLGHVVRXV






(T    HW GH O
pYDSRWUDQVSLUDWLRQ GH OD YpJpWDWLRQ (YHJ(T   SRXYDQW rWUH VFLQGpH HQ
WUDQVSLUDWLRQGHODYpJpWDWLRQHWpYDSRUDWLRQGHO
HDXVWRFNpHVXUODFDQRSpH(WUDQVS(FDQRS)LJXUH
 ܧ௦௢௜௟ ൌ ሺͳ െ ݒ݁݃ሻߩ௔ܥு ௔ܸሾ݄௨ݍ௦௔௧ሺ ௌܶǡ ௌܲሻ െ ݍ௔ሿ  (Tܧ௩௘௚ ൌ ݒ݁݃ߩ௔ܥு ௔ܸ݄௩ሾݍ௦௔௧ሺ ௦ܶ ǡ ௦ܲሻ െ ݍ௔ሿ  (T
ȡD HWTDFRUUHVSRQGHQW UHVSHFWLYHPHQWj ODGHQVLWpHW O
KXPLGLWpGH O


















pTXDWLRQVVXLYDQWHV ܦଵ ൌ ஼మఛ ሺݓଵ െ ݓ௚௘௤ሻ    (Tܦଶ ൌ ஼రఛ ሺݓଶ െݓଷሻ   (T
&HV pTXDWLRQV GpSHQGHQW GH FRHIILFLHQWV ©IRUFHUHVWRUHª GH GLIIXVLRQ GHV FRXFKHV GH VXUIDFH HW
UDFLQDLUH&HW&ZJHTFRUUHVSRQGDXFRQWHQXHQHDXGHODVXUIDFHGDQVGHVFRQGLWLRQVG
pTXLOLEUH
GHV IRUFHVJUDYLWDWLRQQHOOHVHWFDSLOODLUHV ,O HVWFDOFXOpjSDUWLUGHVSURSULpWpVK\GUDXOLTXHVGXVRO
JUkFHj O¶pTXDWLRQVXLYDQWHRDHWSVRQWGHVSDUDPqWUHVHPSLULTXHVGpSHQGDQWVGH OD WH[WXUHGX
VRO ௪భ೒೐೜௪భ ൌ ௪మ௪ೞೌ೟ െ ܽ ቀ ௪మ௪ೞೌ೟ቁ௣ ൤ͳ െ ቀ ௪మ௪ೞೌ೟ቁ଼௣൨  (T














 Ruissellement de surface (QS) 
/DSURGXFWLRQ GX UXLVVHOOHPHQW j SDUWLU GHV SUpFLSLWDWLRQV DWWHLJQDQW ODPDLOOH HVW XQ SRLQW
HVVHQWLHO HW YD GpWHUPLQHU OD FDSDFLWp GXPRGqOH j UHSURGXLUH XQH UpSRQVH K\GURORJLTXH UpDOLVWH
3OXVLHXUVRSWLRQVVRQWSURSRVpHVGDQV,6%$SRXUPRGpOLVHUODSURGXFWLRQGHUXLVVHOOHPHQWDYHFGHV
SDUDPpWULVDWLRQVSOXVRXPRLQVFRPSOH[HVVHORQTXHO¶K\GURORJLHVRXVPDLOOHHVWFRQVLGpUpHRXQRQ
,FL O¶RSWLRQ ©6*+ª HVW DFWLYpH SRXU SUHQGUH HQ FRPSWH L OD GLVWULEXWLRQ VRXVPDLOOH GHV
SUpFLSLWDWLRQVHWGHVSDUDPqWUHVLPSOLTXpVGDQVOHVSURFHVVXVK\GURORJLTXHVWHOTXHODVDWXUDWLRQGX
VROLLODGLIIpUHQWLDWLRQHQWUHOHUXLVVHOOHPHQWGH'XQQHHWG¶+RUWRQ/RUVTXHO¶RSWLRQ©6*+ªHVW
DFWLYpH OH UXLVVHOOHPHQW GH VXUIDFH WRWDO VLPXOp SDU ,6%$ 46 UpVXOWH GH GHX[ FRPSRVDQWHV
GLVWLQFWHVOHUXLVVHOOHPHQWGH'XQQHܳௌ஽ HWOHUXLVVHOOHPHQWGH+RUWRQܳௌு(Tܳௌ ൌ ܳௌ஽ ൅ ሺͳ െ ௦݂௔௧ሻܳௌு   (T
/H IRUPDOLVPH GX UXLVVHOOHPHQW GH'XQQH (T   FRUUHVSRQG DX SURGXLW GH OD SOXLH UpHOOH
DWWHLJQDQWOHVRO3JHWGHODIUDFWLRQGHODFHOOXOHGRQWOHVROHVWVDWXUpIVDWܳௌ஽ ൌ ௚ܲ ௦݂௔௧    (T
IVDWHVWLQYHUVHPHQWSURSRUWLRQQHOOHDXGpILFLWGHVWRFNDJH'WPGHODFHOOXOH(TͲ ൑ ܦ௧ ൌ ሺݓ௦௔௧ െݓଶതതതതሻ ൈ ݀ଶതതത ൑ ݀଴   (T݀଴ ൌ ሺݓ௦௔௧ െݓ௪௜௟௧ሻ ൈ ݀ଶതതത   (T
'DQVOHV(THWGPFRUUHVSRQGDXGpILFLWORFDOPD[LPXPݓଶതതതതDXFRQWHQXHQHDXPR\HQ







LQILOWUDWLRQPD[LPDOHGXVRO,Lܳௌு ൌ ߤ ׬ ሺ ௜ܲ െ ܫ௜ሻ݂ሺ ௜ܲሻ݀ ௜ܲஶூ೔    (T
3LFRUUHVSRQGDX[SUpFLSLWDWLRQVTXLVRQWGLVWULEXpHVVRXVPDLOOHJUkFHjODIRQFWLRQGHSUREDELOLWp
GHGLVWULEXWLRQI3LVXLYDQWH ݂ሺ ௜ܲሻ ൌ ఓ௉ത ݁ିఓሺ௉೔ ௉തΤ ሻ    (T
RܲതFRUUHVSRQGjODPR\HQQHGHVSUpFLSLWDWLRQVVXUODFHOOXOHGHODJULOOHHWȝjODIUDFWLRQGHODJULOOH









(T ܫ ҧ ൌ ܭ௦௔௧ ቂ௕ߖೞೌ೟ௗ೔ ቀ ௪మ௪ೞೌ೟כ െ ͳቁ ൅ ͳቃ   (T݃ሺܫ௜ሻ ൌ ଵூҧ ݁ିூ೔ ூҧΤ     (T
'DQVO¶(T.VDWFRUUHVSRQGjODFRQGXFWLYLWpK\GUDXOLTXHjVDWXUDWLRQEjODSHQWHGHODFRXUEH














HVW UHFRXYHUWH GH YpJpWDWLRQ HW SRXU ODTXHOOH OD SUpFLSLWDWLRQ HVW LQWHUFHSWpH SDU OD FDQRSpH /
µLQILOWUDWLRQHVWGRQFFDOFXOpHFRPPHXQUpVLGXGXUXLVVHOOHPHQWܫ௥ ൌ ሺͳ െ ݒ݁݃ሻܲ ൅ ܴ௥ െ ܳ௦    (T







DX W\SH GH VRO HW GH YpJpWDWLRQ LOV VRQW YDULDEOHV VSDWLDOHPHQW )LJXUH   HW SHXYHQW pYROXHU






 Paramètres primaires  
























 3DUDPqWUHVSULPDLUHV 3DUDPqWUHVVHFRQGDLUHV 6\PEROHV
6RO )UDFWLRQG
DUJLOH  ;FOD\
 )UDFWLRQVDEOH  ;VDQG
  &RQWHQXHQHDXjVDWXUDWLRQ ZVDW
  &RQWHQXHQHDXDXjODFDSDFLWpDXFKDPS ZIF
  &RQWHQXHQHDXDXSRLQWGHIOpWULVVHPHQW ZZLOW
  &RQGXFWLYLWpK\GUDXOLTXHjVDWXUDWLRQ .VDW
  3RWHQWLHOK\GULTXHjVDWXUDWLRQ ȌVDW
  3HQWHGHODFRXUEHGHUpWHQWLRQ E
  &RHIILFLHQWGHUpJUHVVLRQZJHT DS
  &RHIILFLHQWWKHUPLTXHGXVROQXjVDWXUDWLRQ &JVDW
  9DOHXUGXFRHIILFLHQWGH©IRUFHUHVWRUHª&jVDWXUDWLRQ &VDW
  9DOHXUGXFRHIILFLHQWGH©IRUFHUHVWRUHª&SRXUZ ZVDW &UHI
  &RHIILFLHQWGH©IRUFHUHVWRUHª& &LL 
  &RHIILFLHQWGH©IRUFHUHVWRUHª& &
9pJpWDWLRQ 7\SHGHYpJpWDWLRQ  
  )UDFWLRQGHYpJpWDWLRQ YHJ
  ,QGLFHGHVXUIDFHIROLDLUH /$,
  5pVLVWDQFHVWRPDWLTXHPLQLPDOH 5VPLQ
  +DXWHXUGHUXJRVLWp ]
6RO (PLVVLYLWp  İ
(W $OEHGR  Į
9pJpWDWLRQ 3URIRQGHXUGHVRO  GLL 

 Paramètres secondaires liés à la végétation 
/D IUDFWLRQGHYpJpWDWLRQDXVHLQG
XQHPDLOOHYHJHVWFRPSULVHHQWUHHWHWSHUPHWGH
GpWHUPLQHU OD IUDFWLRQ GH VRO QX  ± YHJ /
LQGLFH GH VXUIDFH IROLDLUH /$, /HDI $UHD ,QGH[
FRUUHVSRQGDXUDSSRUWHQWUHODVXUIDFHIROLDLUHSDUXQLWpGHVXUIDFHGHVROHWFDUDFWpULVHODFDQRSpH









 Paramètres secondaires liés au sol 
x &RHIILFLHQWVGH©IRUFHUHVWRUHª
/H ELODQ K\GULTXH GDQV OH VRO G
,6%$ HVW EDVp VXU OD PpWKRGH GH ©IRUFH UHVWRUHª &
HVW
'HDUGRUIITXLDSSOLTXHSRXUODSUHPLqUHIRLVFHWWHPpWKRGHDXFRQWHQXHQHDXGXVRODILQGH
















































































 Formalisme des processus 
&HVWUDYDX[VRQWEDVpVVXUODYHUVLRQGXFRXSODJH,6%$75,3XWLOLVpSDU3HGLQRWWLHWDO
HW3HGLQRWWLHWFRUUHVSRQGjODYHUVLRQGH685)(;'DQVFHWWHYHUVLRQ75,3HVWFRQVWLWXp






























XQH FHOOXOH ܳ௢௨௧ௌ  (T   FRUUHVSRQG DX GpELW HW HVW FDOFXOp SDU 75,3 JUkFH j XQH YLWHVVH
G






UD\RQK\GUDXOLTXHHVWGpFULWSDUODUHODWLRQVXLYDQWHܴ ൌ ௐ௛ೞௐାଶ௛ೞ     (T





















VWRFNDJHVHORQODIRUPXOHVXLYDQWH ܳ௢௨௧ீ ൌ ఛீ      (T







pYDSRUDQW XQH SDUWLH GH VHV VXUIDFHV G
HDX OLEUH(I(T   /HV pFKDQJHV DYHF OD ULYLqUH VRQW
GpSHQGDQWVGHODVHFWLRQWUDQVYHUVDOHULYLqUH]RQHLQRQGpHTXLHVWUHSUpVHQWpHGHPDQLqUHVLPSOHSDU







GHODPDQLqUHVXLYDQWH ܳ௜௡ி ൌ ௩೔೙ௐାௐ೑ܯ௙     (Tܳ௢௨௧ி ൌ ௩೚ೠ೟ௐାௐ೑݉݅݊൫ܯ௙ ǡ ܨ൯    (T
R:HW:IPUHSUpVHQWHQWUHVSHFWLYHPHQWOHVODUJHXUVGHODULYLqUHHWGHV]RQHVLQRQGpHV0INJ
FRUUHVSRQG j OD PDVVH G
HDX HQWUDQWHVRUWDQWH SRVLWLIQpJDWLI SRWHQWLHOOH HW HVW FDOFXOpH VHORQ
O





DX[SHQWHVHQWUH OD ULYLqUH VLQVRXW (T DX[ UD\RQVK\GUDXOLTXHV5LQ5RXW (T HW DX
FRHIILFLHQWGH0DQQLQJSURSUHDX[SODLQHVG¶LQRQGDWLRQQI





ݒ௜௡ǡ௢௨௧ ൌ ௦೔೙ǡ೚ೠ೟భ మΤ௡೑ ܴ௜௡ǡ௢௨௧ଶ ଷΤ    (T
DYHFݏ௜௡ ൌ ௠௔௫൫଴ǡ௛ೞି௛೎ି௛೑൯൫ௐାௐ೑൯ ଶΤ  HWݏ௢௨௧ ൌ ௠௔௫ሺ଴ǡ௛೑ା௛೎ି௛೑ሻ൫ௐାௐ೑൯ ଶΤ  (T
HWDYHFܴ௜௡ ൌ ௅೑ൈ௠௔௫ሺ଴ǡ௛ೞି௛೎ሻ௅೑ାଶൈ௠௔௫ሺ଴ǡ௛ೞି௛೎ሻ HW ܴ௢௨௧ ൌ ௅೑௛೑௅೑ାଶ௛೑ (T





UHSUpVHQWpSDUODFRQVWDQWHGHWHPSVĲ$TDQQpHVܳ௢௨௧஺௤ ൌ ஺௤ఛಲ೜    (T




























GH OD ULYLqUH GX UpVHDX 75,3 HW HVW FDOFXOp j FKDTXH SRLQW GH JULOOH VHORQ OD IRUPXOH





.QLJKWRQ$URUDHW%RHU0RRG\HW7URXWPDQܹ ൌ ݉ܽݔሺ͵Ͳǡ ߚ ൈ ܳ௬௥଴Ǥହሻ    (Tܳ௬௥଴Ǥହ PV HVW OH GpELW DQQXHOPR\HQGH FKDTXH FHOOXOH GH OD JULOOH HVWLPp j SDUWLU GH OD EDVH GH
GRQQpHV GH GpELW JOREDO GH&RJOH\  ȕ HVWXQ FRHIILFLHQW YDULDQW HQ IRQFWLRQ GH  W\SHV GH
UpJLRQVK\GURORJLTXHV
/DKDXWHXUFULWLTXHKFHVWOLpHjODODUJHXUGHODULYLqUHSDUODUHODWLRQOLQpDLUHVXLYDQWH݄௖ ൌ ܹଵ ଷΤ      (T
/HFRHIILFLHQWGH0DQQLQJHVWGpWHUPLQpGDQV OHV]RQHV LQRQGpHVQIHQ IRQFWLRQGXW\SHHWGHOD
IUDFWLRQUHFRXYUDQWHGHODYpJpWDWLRQjSDUWLUGHO¶pTXDWLRQVXLYDQWH݊௙ ൌ σ ሺݒ݁݃ݐ௜ ൈ݊௜ሻଵଶ௜ୀଵ     (T


























 Modélisation du Niger à Niamey 
/DVLPXODWLRQHVW UpDOLVpHDYHF OD YHUVLRQGH685)(;HQPRGH IRUFpFRXSODQW ,6%$HW
75,3DYHFODFRQILJXUDWLRQGH3HGLQRWWL/DUpVROXWLRQVSDWLDOHGXPRGqOHHVWGHHW
OD UpVROXWLRQ WHPSRUHOOH GHV HQWUpHV HW GHV VRUWLHV HVW GH K /HV FRPSRVDQWHV GX IRUoDJH
DWPRVSKpULTXHQpFHVVDLUHVTXDQGOHPRGqOHQ¶HVWSDVFRXSOpjXQPRGqOHGHFOLPDWVRQWOLVWpHVGDQV








 Limite locale d'un modèle global 
 Représentation 1D des plaines d'inondation 
 /D PRGpOLVDWLRQ K\GURORJLTXH VXU O
HQVHPEOH GX EDVVLQ GX1LJHU UHVWH HQFRUH XQ GpIL HQ
SDUWLFXOLHUTXDQG LO V
DJLWGH VLPXOHU OHVSURFHVVXV VSpFLILTXHVDX'HOWD LQWpULHXU 'HFKDUPHHWDO
3HGLQRWWL HWDO0DOJUp OHVEpQpILFHVFRQVLGpUDEOHVDSSRUWpVSDU O
LPSOpPHQWDWLRQGHV
]RQHV LQRQGpHV 'HVFKDUPHHWDO OD UHSUpVHQWDWLRQ'GHFH UpVHUYRLU FRQVWLWXHXQH



















 FHOOXOHV a  NPð 1LDPH\ DSSDUWLHQW DX 1LJHU PR\HQ HQ DYDO GX 'HOWD LQWpULHXU TXL
LQIOXHQFHOHUpJLPHK\GURORJLTXHGHFHWWHUpJLRQ6RQDLUHGHGUDLQDJHFRUUHVSRQGjFHOOXOHV a
NPð/RNRMDFRUUHVSRQGjODFRQIOXHQFHGHOD%pQRXpHWGX1LJHUHWVHVLWXHGDQVOH1LJHU






¬ .RXOLNRUR HW /RNRMD OD VLPXODWLRQ UHSURGXLW ELHQ OHV SKDVHV G
pWLDJHV HW GH KDXWHV HDX[ /HV
SULQFLSDOHVHUUHXUVFRQFHUQHQWODGpFUXHWRXMRXUVXQSHXOHQWHHWOHSLFGHGpELWVRXYHQWLQIpULHXU










K\GURJUDPPH REVHUYp HVW SURGXLW SDU O


































)LJXUH    'pELWV REVHUYpV FRXUEHV QRLUHV SRLQWLOOpHV HW VLPXOpV FRXUEHV EOHXHV DYHF OD
YHUVLRQ QRPLQDOH GH 685)(; YHUVLRQ  LPSOpPHQWpH VXU O
HQVHPEOH GX EDVVLQ GX 1LJHU HW OH
IRUoDJHSOXYLRPpWULTXH%YSRXUOHVVWDWLRQVGH.RXOLNRURD1LDPH\EHW/RNRMDF
 
 Modélisation du bassin du bief Ansongo-Niamey 





JHQqVH HW OH VXLYL GH OD FUXH 5RXJH j1LDPH\ XQH FRQILJXUDWLRQ VSpFLILTXH GX PRGqOH D pWp
GpYHORSSpH'DQVFHWWHQRXYHOOHH[SpULHQFHQXPpULTXH OHGRPDLQHPRGpOLVpHVWUpGXLWj O¶DLUHGH
GUDLQDJH GHV SOXLHV JpQpUDQW OD FUXH 5RXJH j 1LDPH\ OH EDVVLQ GX ELHI$QVRQJR1LDPH\ /H
GpFRXSDJHGHO
DLUHGHGUDLQDJHHVWUpDOLVpjSDUWLUGXUpVHDXGHURXWDJHK\GURORJLTXHGH75,36RQW
VpOHFWLRQQpHV OHV FHOOXOHV HQWUH$QVRQJR HW 1LDPH\ FRQWULEXDQW DX GpELW j 1LDPH\ /H QRXYHDX
GRPDLQHDLQVLGpWHUPLQp)LJXUHHVWFRPSRVpGHFHOOXOHVFRUUHVSRQGDQWjXQHVXUIDFHGH
 NP HW HQJOREDQW OHV VRXV EDVVLQV GX*RURXRO GX'DUJRO HW GH OD 6LUED /H GRPDLQH LQFOXW



























 Simulation du débit à Niamey 
(Q FRPSDUDLVRQ DYHF OHV UpVXOWDWV GH O¶LPSOpPHQWDWLRQ VXU O¶HQVHPEOH GX EDVVLQ GX1LJHU
)LJXUHODQRXYHOOHFRQILJXUDWLRQSHUPHWG¶DPpOLRUHUODVLPXODWLRQGXGpELWj1LDPH\)LJXUH
(QGHKRUVGHODVDLVRQGHVSOXLHVODVLPXODWLRQFRQVLVWHVLPSOHPHQWjSURSDJHUOHGpELWIRUFpj
$QVRQJRGDQV OH UpVHDXK\GURORJLTXH MXVTX¶j1LDPH\H[SOLTXDQW OHVQHWWHVDPpOLRUDWLRQVSRXU OD
FUXH*XLQpHQQHHWO¶pWLDJH0DOJUpWRXWOHGpELWHVWV\VWpPDWLTXHPHQWVXUHVWLPpSHQGDQWOHVPD[LPD
GHODFUXH*XLQpHQQH&HELDLVSRVLWLISURYLHQWGXGpILFLWGHGpELWREVHUYpHQWUH$QVRQJRHW1LDPH\
FKDSLWUHHWTXLQ¶HVWSDV VLPXOp/DVLPXODWLRQDYHF ODQRXYHOOHFRQILJXUDWLRQGXPRGqOH VDQV
DMXVWHPHQWGHVSDUDPqWUHVFRXUEHEOHXHQ¶HVWFHSHQGDQWSDVVDWLVIDLVDQWHFRQFHUQDQWODFUXH5RXJH





ORFDX[ GH ILQH pFKHOOH UXLVVHOOHPHQW GH +RUWRQ HQFURWHPHQW« GHPDQGH XQH DGDSWDWLRQ GH
FHUWDLQVSDUDPqWUHVTXLVRQWDFFHSWDEOHVJOREDOHPHQWPDLVQHFRQYLHQQHQWSOXVDSUqVXQHGHVFHQWHHQ
pFKHOOH/¶DMXVWHPHQW©PDQXHOªGHFHUWDLQVSDUDPqWUHVG¶,6%$75,3GLVFXWpGDQV OHFKDSLWUH


























































OH EDVVLQ GX ELHI $QVRQJR1LDPH\ DVVRFLpH j XQ DMXVWHPHQW VSpFLILTXH GH FHUWDLQV SDUDPqWUHV






8WLOLVDWLRQ 7\SH 5pVROXWLRQ 6RXUFHV
   
(QWUpHGXPRGqOH,6%$ )RUoDJHDWPRVSKpULTXHDXWUHTXHSUpFLSLWDWLRQ ±K 0pWpR)UDQFH
 )RUoDJHSOXYLRPpWULTXH ±K 'LYHUVHVFI&KDSLWUH
 )RUoDJHGHGpELWj$QVRQJR -RXUQDOLqUH $%1
   
(YDOXDWLRQGHODPRGpOLVDWLRQ 'pELWj1LDPH\ -RXUQDOLqUH $%1











Chapitre 4 Tests de sensibilité du modèle ISBA-TRIP et 












TXH SOXYLRPpWULTXHV DWPRVSKpULTXHV HW GH GpELWVPDLV DXVVL OD VHQVLELOLWp GH OD VLPXODWLRQ DX[
SDUDPqWUHVGXPRGqOHGLUHFWHPHQWOLpVjODSURGXFWLRQGHODFUXH5RXJH/¶DQDO\VHGHVUpVXOWDWVGH






















LLLGHVPR\HQQHV LQWHUDQQXHOOHVSHXYHQWHOOHVrWUHXWLOLVpHVSRXUFRPEOHU OHV ODFXQHVGHV MHX[GH
GRQQpHV GH IRUoDJH" LY TXHOOHV VRQW OHV VHQVLELOLWpV GX PRGqOH j GHV SDUDPqWUHV RX SURFHVVXV
GLUHFWHPHQWOLpVjODSURGXFWLRQGHUXLVVHOOHPHQWSHQGDQWODVDLVRQGHVSOXLHVHWTXLFRQGLWLRQQHQWOD






/¶DQDO\VH GH VHQVLELOLWp SUpVHQWpH FLGHVVRXV D SRXU GRXEOH REMHFWLI GH PLHX[ FRPSUHQGUH HW
TXDQWLILHU OHV VRXUFHV G¶LQFHUWLWXGHV GDQV OH GpELW VLPXOp HW GH IL[HU PDQXHOOHPHQW XQ MHX GH
SDUDPqWUHV OLVWp GDQV OH 7DEOHDX   ,O QH V¶DJLW SDV LFL G¶XQH RSWLPLVDWLRQ QXPpULTXH GHV
SDUDPqWUHVG¶,6%$75,3FDUDFWpULVWLTXHGHODSKDVHGHFDOLEUDWLRQG¶XQPRGqOHK\GURORJLTXHRXGH
O¶DVVLPLODWLRQGHGRQQpHV ODFRPSOH[LWpHWODVSDWLDOLVDWLRQGHVSDUDPqWUHVGXPRGqOH,6%$75,3
UHQGUDLHQW XQH RSWLPLVDWLRQ JOREDOH WUqV ORXUGH/H EXW LFL HVW GH IL[HU XQH FRQILJXUDWLRQPRGqOH
UHSURGXLVDQWGHPDQLqUHVDWLVIDLVDQWHODG\QDPLTXHWHPSRUHOOHHWOHGRPDLQHGHYDULDWLRQGXGpELWj
1LDPH\SHQGDQWODFUXHURXJH&HWWHFRQILJXUDWLRQGHUpIpUHQFHVHUDXWLOLVpHGDQVOHVFKDSLWUHVj











ILJXUHV HVW FRQIURQWpH j OD VLPXODWLRQ R  GHV SDUDPqWUHV DMXVWpV HVW FRQVHUYp GDQV VD YHUVLRQ
QRPLQDOH FRXUEHV EOHXHV VXU OHV ILJXUHV /HV SHUIRUPDQFHV GHV VLPXODWLRQV SDU UDSSRUW DX[
REVHUYDWLRQVVRQWpYDOXpHVJUkFHDXFRHIILFLHQWG
HIILFLHQFHGH1DVK6XWFOLIIH16(HQDQJODLV1DVK
HW6XWWFOLIIH.UDXVVHHWDOܰܵܧ ൌ ͳ െ σ ሾሺா೔ିை೔ሻమሿ೙೔సభσ ሾሺை೔ିைതሻమሿ೙೔సభ    (T










)LJXUH ,OOXVWUDWLRQGHVGLIIpUHQWHVSpULRGHVGH OD VDLVRQK\GURORJLTXHj1LDPH\ LFLSRXU
O¶DQQpHHQURXJHODFUXH5RXJHHWHQEOHXODSHWLWHGpFUXH

 Sensibilité aux forçages 

















pWXGH KRUV GH FHWWH IHQrWUH WHPSRUHOOH HQ XWLOLVDQW XQH PR\HQQH LQWHUDQQXHOOH GX IRUoDJH
DWPRVSKpULTXH OHV)LJXUH)LJXUHHW)LJXUHFRPSDUHQW OHVVLPXODWLRQVEDVpHVVXU OH




QRWDEOHVSHQGDQW OHVSLFVGH ODFUXH5RXJH )LJXUH/D)LJXUH FRPSDUHREVHUYDWLRQVHW
VLPXODWLRQV JUkFH j XQ GLDJUDPPHTXDQWLOHTXDQWLOH TXL SHUPHW GH FRPSDUHU OHV GLVWULEXWLRQV GHV




ODSpULRGH/DPR\HQQHGX IRUoDJHDWPRVSKpULTXH DXWUHVTXH ODSOXLHHVW
LQWpJUpHjODFRQILJXUDWLRQGHUpIpUHQFH7DEOHDXHWXWLOLVpHSRXUWRXWHVOHVSpULRGHVVLPXOpHV





SRLQWLOOpH HW VLPXOpHV DYHF OH IRUoDJH DWPRVSKpULTXH RULJLQDO FRXUEH EOHXH RX VD PR\HQQH
LQWHUDQQXHOOH FRXUEH URXJH /D OLJQH SRLQWLOOpH JULVH j P V UHSUpVHQWH OH VHXLO
G¶LQRQGDWLRQ
























 Sensibilité au forçage du débit 











DYHF OD PR\HQQH LQWHUDQQXHOOH  G¶$QVRQJR PRQWUH TXH FHOOHFL SHXW GLIILFLOHPHQW















 Sensibilité aux résolutions spatiales et temporelles des précipitations 
/¶LPSDFW GHV FDUDFWpULVWLTXHV GX IRUoDJH SOXYLRPpWULTXH VXU OD VLPXODWLRQ HVW DERUGp
SUpFLVpPHQWGDQVOHVFKDSLWUHVHW&HWWHVHFWLRQVHSHQFKHVXUODFDSDFLWpGXPRGqOHjWLUHUSDUWL
GHV UpVROXWLRQV VSDWLRWHPSRUHOOHV UHODWLYHPHQW ILQHV TX¶RIIUHQW OHV SURGXLWV SOXLH VDWHOOLWDLUHV(Q
UpJLRQVDKpOLHQQHRO¶HVVHQWLHOGHVSUpFLSLWDWLRQVHVWSURGXLWSDUGHVV\VWqPHVFRQYHFWLIVFKDSLWUH














































































 Sensibilité aux paramètres de TRIP 
 Sensibilité au coefficient de Manning 






JUDQGV 0DLGPHQW   HW HVW JpQpUDOHPHQW DGPLVH FRPPH YDOHXU PR\HQQH TXDQG OH
FRHIILFLHQW QH SHXW rWUH pYDOXp $URUD HW %RHU 'DQV 685)(; YHUVLRQ  OH FRHIILFLHQW GH
0DQQLQJVXUOD]RQHG¶pWXGHHVWFDOFXOpSDUOHPRGqOH(THWFRPSULVHQWUHHW













OH*RURXRO OH'DUJRO HW OD6LUED0DOJUp GHV YDOHXUV WRXMRXUV QpJDWLYHV GX16(SRXU OD SHWLWH
GpFUXH OHV UpVXOWDWVPRQWUHQWTXH O¶XQLIRUPLVDWLRQGXFRHIILFLHQWGH0DQQLQJjDPpOLRUH OD
VLPXODWLRQ(QWHUPHVGHGLVWULEXWLRQGHVGpELWVMRXUQDOLHUVFHWWHSDUDPpWULVDWLRQSHUPHWpJDOHPHQW










OHV GLIIpUHQWHV SpULRGHV GH OD VDLVRQ K\GURORJLTXH pWXGLpHV VDLVRQ HQWLqUH FUXH 5RXJH SHWLWH
GpFUXHDSRXUWRXWHVGHVGRQQpHVE]RRPVXUOHVYDOHXUVGHODFUXH5RXJHHWGHODVDLVRQ
HQWLqUHRFKDTXHSRLQWFRUUHVSRQGjXQODEHOUHSUpVHQWDQWO¶DQQpH









 Sensibilité au temps de transfert des eaux souterraines 





































GRQQpHV E ]RRP VXU OHV YDOHXUV GH OD FUXH 5RXJH HW GH OD VDLVRQ HQWLqUH R FKDTXH SRLQW
FRUUHVSRQGjXQODEHOUHSUpVHQWDQWO¶DQQpH







VLPXOpVDYHF OH ĲRULJLQDOGH MRXUV SRLQWVEOHXVRXDYHFXQ ĲGH MRXU SRLQWV URXJHV HQ
IRQFWLRQGHVREVHUYDWLRQVHWTXDQWLOHVHWSRLQWVJULV

 Sensibilité aux paramètres et processus d'ISBA  
 Sensibilité à l'évapotranspiration (ETP) 
 (QSDUDOOqOHGHFHVWUDYDX[GHWKqVH ODYHUVLRQGH685)(;DpWpGpYHORSSpHSDU0pWpR










HW FRXYHUW YpJpWDO PD[LPDX[ 6D OLPLWDWLRQ JUkFH DX IRUPDOLVPH (73 LQGXLW XQ GpELW SOXV
LPSRUWDQW SHQGDQW FHWWH SpULRGH TX¶DYHF OH IRUPDOLVPH (73 0DOJUp XQH GRPLQDQFH GX
UXLVVHOOHPHQW G¶+RUWRQ HW OD IDLEOH LPSRUWDQFH GHV FRQGLWLRQV G¶KXPLGLWp GX VRO GDQV OD UpJLRQ
VDKpOLHQQHOHPRGqOHIDYRULVHOHUXLVVHOOHPHQWGH'XQQH'DQVFHVFRQGLWLRQVODGLPLQXWLRQ
GH O¶pYDSRWUDQVSLUDWLRQTXL ODLVVH OHV VROVPRLQV VHFVSHUPHWXQHVDWXUDWLRQHQHDXGHV VROVHWXQ
UXLVVHOOHPHQWSOXVUDSLGH'DQVFHVFRQGLWLRQVO¶(73LQGXLWGHVGpELWVSOXVLPSRUWDQWVSHQGDQWOD
FUXH5RXJH/HGpEXWGHODPRQWpHGHVHDX[HVWPLHX[VLPXOpLQGXLVDQWGHPHLOOHXUV16()LJXUH
 PDLV OHV SLFV RQW WHQGDQFH j rWUH VXUHVWLPpV )LJXUH   HW )LJXUH   /¶(73 HVW
LPSOpPHQWpH GDQV OD FRQILJXUDWLRQ GH UpIpUHQFH 7DEOHDX   SRXU VD FRKpUHQFH SK\VLTXH HW
O¶DPpOLRUDWLRQGHODG\QDPLTXHGHODFUXH5RXJH















VDLVRQ K\GURORJLTXH pWXGLpHV VDLVRQ HQWLqUH FUXH 5RXJH SHWLWH GpFUXH D SRXU WRXWHV GHV
GRQQpHV E ]RRP VXU OHV YDOHXUV GH OD FUXH 5RXJH HW GH OD VDLVRQ HQWLqUH R FKDTXH SRLQW
FRUUHVSRQGjXQODEHOUHSUpVHQWDQWO¶DQQpH







VLPXOpV DYHF O¶(73 RULJLQDOH SRLQWV EOHXV RX O¶(73 SRLQWV URXJHV HQ IRQFWLRQ GHV
REVHUYDWLRQVHWTXDQWLOHVHWSRLQWVJULV























FRQWULEXH SHX DX UXLVVHOOHPHQW WRWDO 0DOJUp OH IDLW TXH OHV SURSRUWLRQV HW O¶DOWHUQDQFH GX
SDUWLWLRQQHPHQWHQWUH OH UXLVVHOOHPHQWG¶+RUWRQHW'XQQH VHPEOHQWHUURQpHV ODTXDQWLWp WRWDOHGX
UXLVVHOOHPHQW VLPXOpFRQGXLWjXQGpELWSURFKHGHVREVHUYDWLRQV6L OHGpELW VLPXOpHVWFRUUHFW OH








GDQV OH FDOFXO GX UXLVVHOOHPHQW G
+RUWRQ HVW HVWLPpH j SDUWLU GH O
























3HWHU/LGDUG HW DO  VXLWH DX[ WUDYDX[ GH )DQ HW DO  EDVpV VXU GHV GRQQpHV UDGDU
1(;5$'VXUXQHSpULRGHGHDQVHQWUHHWGDQVOHVJUDQGHVSODLQHVDXVXGGHV(WDWV
8QLVGRPLQpHSDUGHVpYqQHPHQWVFRQYHFWLIVHQpWpHWVWUDWLIRUPHVDXSULQWHPSVHWjO¶DXWRPQH8QH
GHV FRQFOXVLRQV GH )DQ HW DO  LQGLTXDLW OD QpFHVVLWp G¶pODUJLU O¶pWXGH j G¶DXWUHV UpJLRQV































3RXU FRPSUHQGUH OD VHQVLELOLWp GH ODPRGpOLVDWLRQ GH OD FUXH5RXJH LO HVW SHUWLQHQW G¶pWXGLHU FHV
SDUDPqWUHVTXL LQIOXHQFHQW OHSDUWLWLRQQHPHQWHQWUH LQILOWUDWLRQHWUXLVVHOOHPHQW'DQV O¶RSWLTXHGX
VXLYLORQJWHUPHGHVFKDQJHPHQWVK\GURORJLTXHVHWGXU{OHGHVFKDQJHPHQWVG¶RFFXSDWLRQGXVROOD
VHQVLELOLWp GX UXLVVHOOHPHQW j GLIIpUHQWV FRXYHUWV DLQVL TXH OHV OLPLWHV GX PRGqOH GDQV OD
UHSUpVHQWDWLRQGHVSURFHVVXVTXLOHXUVRQWDVVRFLpVGRLYHQWrWUHpWXGLpV
/D)LJXUHSUpVHQWHODGLVWULEXWLRQVSDWLDOHGHODYpJpWDWLRQHWGHODJUDQXORPpWULHGXVROWHOOHV


















GHV WHVWV HW OD)LJXUH  SUpVHQWH OHV LPSDFWVGHV FKDQJHPHQWV GH YpJpWDWLRQ VXU OHV GLIIpUHQWV
WHUPHVGXELODQG¶HDX/HVGpELWVPD[LPXPVVRQWDWWHLQWVORUVTXHODWRWDOLWpGHODFRXYHUWXUHGXEDVVLQ
FRUUHVSRQGjGXVROQX)LJXUHHW)LJXUH'DQVFHFDVOHUXLVVHOOHPHQWHVWPD[LPDOHWOH




























GX EDVVLQ GX ELHI8QH FODVVH G¶RFFXSDWLRQ GX VRO SHXW rWUH FRPSRVpH G¶XQ RX SOXVLHXUV W\SH GH










(DX[,QWpULHXUHV  ± ± ± ± ±
6ROQX  ± ± ± ± ±
5RFKH  ± ± ± ± ±
9LOOH
&RQVWUXFWLRQ  3±$ ± ± ± ±
6DYDQHDUERUpH
VXEVDKDULHQQH  $±+±6 ±± ±± ±± ±±
6DYDQHDUERUpH
VDKpOLHQQH  $±+±6 ±± ±± ±± ±±
6DYDQHDUEXVWLYH
VDKpOLHQQH  $±+±6 ±± ±± ±± ±±
6DYDQH
VDKpOLHQQH  +±6 ± ± ± ±
3UDLULHDIULFDLQH
WURSLFDOH  +    
3UDLULHDIULFDLQH
VDKpOLHQQH  +    
&XOWXUHV
GpVHUWLTXHV  &±& ± ± ± ±
&XOWXUHV
VDKpOLHQQHV  &±& ±  ± ±

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)LJXUH   6pULHV WHPSRUHOOHV GX UXLVVHOOHPHQW GH 'XQQH D GH G¶+RUWRQ E
G¶pYDSRWUDQVSLUDWLRQ F GX FRQWHQX HQ HDX GX VRO G HW GH OD IUDFWLRQ VDWXUpH GX VRO H
MRXUQDOLHUVPR\HQVGXEDVVLQGXELHI$QVRQJR1LDPH\SRXUGLIIpUHQWHVFRXYHUWXUHYpJpWDOHV





















SDUDPqWUHV UpDOLVp HQ IRQFWLRQ GHV FDUDFWpULVWLTXHV GX EDVVLQ HW GHV GRQQpHV GLVSRQLEOHV /HV
DMXVWHPHQWVGHODFRQILJXUDWLRQGHUpIpUHQFHVRQWUpVXPpVGDQVOH7DEOHDXHWVRQWXWLOLVpVGDQV
ODVXLWHGHVWUDYDX[&HWDMXVWHPHQWSHUPHWO¶DPpOLRUDWLRQGXGpELWVLPXOpj1LDPH\HQSDUWLFXOLHU












3DU DLOOHXUV OH FRXYHUW YpJpWDO RULJLQDO G¶,6%$ HVW FRPSRVp SULQFLSDOHPHQW GH VDYDQH
VDKpOLHQQH HW GH VRO QX HQJHQGUDQW XQ UXLVVHOOHPHQW HW XQ GpELW LPSRUWDQW /D UHSUpVHQWDWLRQ GX
FRXYHUWGDQV,6%$VRXVHVWLPHODSURSRUWLRQGHFXOWXUH/HVWHVWVGHVHQVLELOLWpPRQWUHQWFHSHQGDQW
TXH FHWWH FODVVH HQJHQGUH OD PrPH UpSRQVH K\GURORJLTXH TX¶XQH YpJpWDWLRQ VSRQWDQpH VDYDQH






































Chapitre 5 L’hydrologie du Niger depuis 2000 : produits 




¶LPSOpPHQWDWLRQ HW O¶DMXVWHPHQW GX PRGqOH ,6%$75,3 FKDSLWUH  SHUPHWWDQW GH
PRGpOLVHU OD FUXH 5RXJH GH 1LDPH\ FH PRGqOH HVW XWLOLVp SRXU UpSRQGUH DX[
SUREOpPDWLTXHV SULQFLSDOHV SRVpHV HQ LQWURGXFWLRQ GH FH PDQXVFULW /H PRGqOH ,6%$75,3
LPSOpPHQWpVXUOHEDVVLQGXELHI$QVRQJR1LDPH\HVWXWLOLVpGDQVFHFKDSLWUHSRXUpYDOXHUOHSRWHQWLHO






GH QRPEUHXVHV SHUWHV KXPDLQHV HWPDWpULHOOHV FKDSLWUH  ,O H[LVWH XQ UpHO EHVRLQ HW XQH UpHOOH
GHPDQGHGHGpYHORSSHPHQWG¶XQV\VWqPHG¶DODUPHRSpUDWLRQQHOSRXUSUpYHQLUGHWHOOHVFDWDVWURSKHV
/HV SURGXLWV G¶HVWLPDWLRQV GHV SUpFLSLWDWLRQV EDVpV VXU GHV PHVXUHV VDWHOOLWHV UHSUpVHQWHQW XQH
DOWHUQDWLYHSURPHWWHXVHSRXUO¶K\GURORJLHGHVEDVVLQVVRXVLQVWUXPHQWpVHQVWDWLRQVK\GURORJLTXHVHW
PpWpRURORJLTXHVWHOTXHOHEDVVLQGX1LJHU,OHVWGRQFQpFHVVDLUHG¶pYDOXHUOHSRWHQWLHOHWOHVOLPLWHV
GH OHXU XWLOLVDWLRQ HQ K\GURORJLH &HWWH pWXGH FRQVWLWXH OD SUHPLqUH WHQWDWLYH GHPRGpOLVDWLRQ GHV





































$GUDPDWLFLQFUHDVHLQWKHIUHTXHQF\DQG LQWHQVLW\RIÀRRGHYHQWVLQWKHFLW\RI1LDPH\1LJHU KDV EHHQREVHUYHG
LQ WKHODVWGHFDGH7KH 1LJHU5LYHU H[KLELWVDGRXEOHRXWÀRZSHDNLQ1LDPH\7KH¿UVWSHDNLVGXHWRWKHUDLQIDOO
RFFXUULQJZLWKLQDERXW NP RI1LDPH\,WKDV UHDFKHGKLJKYDOXHVLQUHFHQW\HDUVDQG FDXVHGIRXU GUDVWLFÀRRG
HYHQWVVLQFH7KLV SDSHUDQDO\VHVWKHSRWHQWLDORI VDWHOOLWHUDLQIDOOSURGXFWVFRPELQHGZLWKK\GURORJLFDO
PRGHOOLQJWRPRQLWRUWKHVHÀRRGV7KH VWXG\IRFXVHVRQ WKHNP DUHDLQ WKHYLFLQLW\RI1LDPH\ZKHUH
ORFDO UXQRIIVXSSOLHVWKH¿UVWÀRRG6L[UDLQIDOOSURGXFWV DUH WHVWHGDJDXJHRQO\ SURGXFW— WKH&OLPDWH3UHGLFWLRQ
&HQWUH&3&WZRJDXJHDGMXVWHGVDWHOOLWHSURGXFWV— WKH 7URSLFDO5DLQIDOO 0HDVXUHPHQW0LVVLRQ75000XOWL
3ODWIRUP$QDO\VLV703$ %YDQGWKH&3&UHJLRQDOSURGXFW$IULFDQ5DLQIDOO(VWLPDWH5)(YHUVLRQDQG
WKUHHVDWHOOLWHRQO\SURGXFWV%57 WKH&3&0RUSKLQJPHWKRG &0253+ DQGWKH3UHFLSLWDWLRQ(VWLPDWLRQ
IURP5HPRWHO\6HQVHG,QIRUPDWLRQ XVLQJ$UWL¿FLDO1HXUDO1HWZRUN3(56,$11 7KH SURGXFWVDUH¿UVWLQWHU
FRPSDUHGRYHU WKHUHJLRQRILQWHUHVW 'LIIHUHQFHVLQWHUPVRIUDLQIDOODPRXQWQXPEHURIUDLQ\GD\V VSDFLDOH[WHQ
VLRQ RIWKHUDLQIDOOHYHQWVDQGIUHTXHQF\GLVWULEXWLRQRIWKHUDLQUDWHVDUH KLJKOLJKWHG7KH VDWHOOLWHRQO\ SURGXFWV
SURYLGHPRUHUDLQWKDQWKHJDXJHDGMXVWHGRQHV7KH K\GURORJLFDOPRGHO,6%$75,3LVIRUFHGZLWKWKH VL[ SURG
XFWVDQGWKHVLPXODWHGGLVFKDUJHLVDQDO\VHGDQGFRPSDUHGZLWKWKHGLVFKDUJHREVHUYHGLQ1LDPH\RYHUWKHSH
ULRGWR 7KH VLPXODWLRQVEDVHGRQ WKHVDWHOOLWHRQO\UDLQIDOOSURGXFH DQ H[FHVVLQ WKHGLVFKDUJH)RU
ÀRRGSUHGLFWLRQWKHSUREOHPFDQ EH RYHUFRPHE\ DSULRUDGMXVWPHQWRIWKHSURGXFWV– DV GRQHKHUHZLWKSURE
DELOLW\PDWFKLQJ– RU E\DQDO\VLQJWKHVLPXODWHGGLVFKDUJHLQ WHUPVRISHUFHQWLOHRU DQRPDO\$OOWHVWHGSURGXFWV
H[KLELWVRPHVNLOOVLQ GHWHFWLQJWKHUHODWLYHO\KHDY\UDLQIDOOWKDWSUHFHGHGWKHÀRRGDQGLQ SUHGLFWLQJWKDWWKH











1LJHU ULYHUGLVFKDUJH $OEHUJHO%ULTXHWHW DO0DKpHWDO
WKH1LJHU 5LYHU
VULJKW EDQNWULEXWDULHVDQG RWKHU 6DKHOLDQULYHUV
0DKpHWDO 'HVFURL[HWDOKDYHVKRZQDQ LQFUHDVH
LQ GLVFKDUJHVLQFH WKHV7KLV LVDWWULEXWHGWR FKDQJHVLQ WKHUXQRII
UHVSRQVHRIWKH ZDWHUVKHGV$OEHUJHO$PDQL DQG 1JXHWRUD
0DKp DQG 3DWXUHO $PRJX HW DO UHVXOWLQJ IURPWKH
GURXJKWV LPSDFWRQ YHJHWDWLRQFRYHUODQG FRYHUFOHDULQJDQGVXEVH
TXHQW LQFUHDVHGVRLOFUXVWLQJ /HEODQFHWDO  *DUGHOOH HW DO
7KH LQFUHDVHRIUXQRIILQ WKH1LJHU 5LYHU
V ULJKWEDQNWULEXWDULHV
FDWFKPHQWUHVXOWHGLQ DPRGL¿FDWLRQRI WKH1LJHU ULYHU
VUHJLPHQHDU
1LDPH\ VLQFH WKH V IURP D VLQJOH WR D GRXEOHÀRRG K\GURJUDSK
$PDQLDQG1JXHWRUD'HVFURL[ HW DO6LJKRPQRXHWDO




WKDQWKH VHFRQGRQH DQG KDV FDXVHGIRXUPDMRUÀRRGHYHQWVVLQFH 
7KUHHUHFHQWÀRRGVRQ WKH1LJHU ULYHUKDYHUHVXOWHGLQ VXEVWDQWLDO
GDPDJHLQ 1LDPH\LQ 6LJKRPQRXHW DO'HVFURL[HW DO
 6LJKRPQRX 6LJKRPQRXHW DO 2;)$0DQG
$&7(' UHSRUWDQG1LJHU%DVLQ $XWKRULW\$%1ZHEVLWH
KWWSZZZDEQQH FDXVLQJÀRRGLQJSURSHUW\ GDPDJHDQGVLJQL¿
FDQWORVV RIOLIH DPRQJSHRSOHOLYLQJ QHDUWKHULYHU7KHVH HYHQWVKDYH
EURXJKWWKHDWWHQWLRQRI WKHPHGLDLQ D UHJLRQWUDGLWLRQDOO\NQRZQ IRU
LWV GURXJKWVUDWKHU WKDQLWVÀRRGV7KH DQDO\VLVRI WKHVHUHFHQWÀRRG
HYHQWVKDV VKRZQWKDWWKH\ DUH UHODWHGWRDGUDVWLFFKDQJHLQWKH K\GUR
ORJLFDO UHJLPHRIWKH1LJHU EDVLQ LQWKHUHJLRQDURXQG1LDPH\'HVFURL[

















































LVVXHRI D SRVVLEOHLQFUHDVHLQ H[WUHPH UDLQIDOOLQ WKH6DKHO3DQWKRX
HW DO7KLV FRXOGEH WKHSUHPLVHVRIDQ LQWHQVL¿FDWLRQ RI
WKHK\GURORJLFDOF\FOH GXH WRJOREDO ZDUPLQJ *LRUJLHW DODV DO
UHDG\REVHUYHGLQ RWKHUUHJLRQV$OSHUW7KH ULVN RIÀRRGHYHQWV
LVH[SHFWHGWR LQFUHDVHLIWKHODQG XVH FKDQJHVFRQWLQXHZKHWKHURU QRW
WKHLQFUHDVHG IUHTXHQF\RI UDLQIDOOH[WUHPHV LV FRQ¿UPHG7R UHGXFH
WKHVHULVNV WKHÀRRGJHQHVLVQHHGVWR EH EHWWHUXQGHUVWRRGDQGDGH
TXDWHPRQLWRULQJV\VWHPVQHHGWREH GHYHORSHG
&XUUHQWO\WKHPRQLWRULQJ RI WKHÀRRGULVN LQ 1LDPH\LVEDVHGHVVHQ
WLDOO\ RQ WKHVXUYHLOODQFHRI WKHULYHUKHLJKWXSVWUHDPRI1LDPH\7KLV LV
VXLWDEOHIRU PRQLWRULQJWKH VHFRQGÀRRGZKLFKRFFXUVEHWZHHQ-DQXDU\
DQG0DUFKD IHZ PRQWKVDIWHUWKHHQGRI WKHUDLQ\VHDVRQLQ 1LDPH\
7KH¿UVWÀRRGZKLFKRFFXUV LQ WKHKHDUWRIWKHUDLQ\ VHDVRQLV DPRUH
UDSLGSKHQRPHQRQ DQG LV D FRQVHTXHQFH RI UXQRII LQ WKH YLFLQLW\ RI
1LDPH\7RSUHGLFWWKLV ¿UVWÀRRGWKHFRQWULEXWLQJUDLQIDOOPXVWEH SUH
FLVHO\ TXDQWL¿HG *LYHQ WKH UHODWLYHO\ SRRU VWDWH RI WKH RSHUDWLRQDO
JDXJH QHWZRUNLQWKHDUHD VDWHOOLWHEDVHGUDLQIDOOLVDYHU\ DWWUDFWLYHDOWHU
QDWLYH+RVVDLQHWDO)XUWKHUEHQH¿WV RIVDWHOOLWHUDLQIDOO HVWLPDWHV
OLH LQ WKHLUVSDWLDODQG WHPSRUDO UHVROXWLRQV KRXUO\RU EHWWHUDQG
LQ WKH QHDU UHDOWLPH DYDLODELOLW\RI VRPHSURGXFWV+RZHYHUDV DOUHDG\
GLVFXVVHG DWOHQJWKIRU UDGDU EDVHGHVWLPDWHV %HUQHDQG.UDMHZVNL
 IRUD UHYLHZ WKH SRWHQWLDOEHQH¿W RI KLJK UHVROXWLRQ PD\ EH
RXWEDODQFHGE\ WKHXQFHUWDLQWLHVDQGRUELDVHV LQ WKHUHPRWHO\VHQVHG
UDLQIDOO7KHVH XQFHUWDLQWLHVDQG WKH ZD\ WKH\PLJKWSURSDJDWHLQ K\GUR
ORJLFDO PRGHOV+RVVDLQHW DO+RQJ HWDO0RUDGNKDQLHW DO
1LNRORSRXORVHW DOQHHGWREH DFFRXQWHGIRU EHIRUHDQ\ VDW
HOOLWHUDLQIDOOSURGXFW LVFRQVLGHUHGIRU RSHUDWLRQDOSUHGLFWLRQ
6HYHUDOUHFHQWZRUNVKDYHHYDOXDWHGVDWHOOLWHUDLQIDOOSURGXFWVRYHU
$IULFD EDVHGRQJDXJHV $OLHWDO  +XJKHV  5RFD HWDO
 -REDUGHW DO 3LHUUHHW DO +DELE HW DO
7KLHPLJHWDO*RVVHWHW DODQGGLVFXVVHGWKHLUSRWHQWLDO
XWLOLW\IRU WKHK\GURORJLFDOSUHGLFWLRQRIVHYHUDO$IULFDQ ULYHUV1LOHWULE
XWDULHV— $UWDQHW DO*LOJHO $ED\— %LWHZDQG*HEUHPLFKDHO
 6HQHJDOULYHU— 6WLVHQ DQG 6DQGKROW 9ROWDDQG %DUR
$NRER— 7KLHPLJHWDO)LQGLQJVDUH FRQVLVWHQWDPRQJWKHVHSD
SHUVRQ WKHSHUIRUPDQFHRI VRPHRIWKHPRVWFRPPRQO\XVHGSURGXFW
LQ WKH6DKHOLDQUHJLRQ7KH SURGXFWVWKDWGR QRWLQJHVWDQ\ JDXJHLQIRU
PDWLRQ– 3UHFLSLWDWLRQHVWLPDWLRQ IURP5HPRWHO\6HQVHG ,QIRUPDWLRQ
XVLQJ$UWL¿FLDO1HXUDO1HWZRUN 3(56,$11&OLPDWH3UHGLFWLRQ&HQWUH
&3& 0RUSKLQJPHWKRG &0253+ DQG7URSLFDO5DLQ 0HDVXUHPHQW
0LVVLRQ 75000XOWLSODWIRUP $OJRULWKP703$%57– H[KLELW
SRVLWLYHELDVHVZKLFKPD\ FDXVHRYHUHVWLPDWLRQRI WKHUXQRIIDQGGLV
FKDUJHZKHQ XVHG LQ K\GURORJLFDOPRGHOOLQJ 7KLHPLJHW DO 
*RVVHW HWDO  7KLHPLJ HWDO  KDYH FRPSDUHG GLIIHUHQW
PHWKRGV IRUFRUUHFWLQJWKH ELDVHV LQWKH UDLQIDOO IRUFLQJ HLWKHU E\
FRUUHFWLQJWKHSURGXFWV WKHPVHOYHVRU E\ DGMXVWLQJWKHPRGHOWRWKH
SURGXFWV WKURXJK UHFDOLEUDWLRQIRUHDFK W\SH RI UDLQ IRUFLQJ7KH
JDXJHDGMXVWHGSURGXFWV– 703$%Y DQGWKH&3&UHJLRQDOSURGXFW
$IULFDQ 5DLQIDOO (VWLPDWH5)(– KDYHJHQHUDOO\ORZ ELDVHVDWOHDVWDW
WKHPRQWKO\VFDOHEXWDUH QRWIUHH RIHUURUVDQG PD\ GLVWRUWWKHVSDWLDO
RU IUHTXHQF\GLVWULEXWLRQRIWKHUDLQ UDWHV*RVVHWHW DOZLWKFRQ
VHTXHQFHVIRU K\GURORJ\
,Q WKLV SDSHUZH DQDO\VHWKHSRWHQWLDORI VL[ VWDWHRI WKHDUWUDLQIDOO
SURGXFWV FRPELQHGZLWK QXPHULFDOPRGHOOLQJWR DQDO\VHDQG DVVHVV
WKHSUHGLFWDELOLW\RI WKH1LJHU ULYHU¿UVWÀRRGD JDXJH RQO\SURGXFW
&3&WZRJDXJH DGMXVWHG VDWHOOLWHSURGXFWV %YDQG5)(DQG
WKUHH VDWHOOLWHRQO\ SURGXFWV%57 &0253+DQG3(56,$11 7KH
VWXG\IRFXVHVRQ WKH DELOLW\RIWKHPRGHOIRUFHG E\VDWHOOLWHUDLQIDOOWRUH
SURGXFH WKH UHODWLYHO\KLJK GLVFKDUJH OHYHOV HQFRXQWHUHG LQ UHFHQW
\HDUVDQGVLPXODWHWKHRFFXUUHQFHDQGOHQJWKRIÀRRGV
6HFWLRQSUHVHQWV WKHK\GURORJLFDOFRQWH[WDQG WKHEHKDYLRXURIWKH
¿UVWÀRRGREVHUYHGLQ1LDPH\RYHU WKH ODVW\HDUV 6HFWLRQGHVFULEHV
WKHVL[UDLQIDOOSURGXFWVDQG FRPSDUHVVRPHRIWKHLUSURSHUWLHVRYHU WKH
VWXGLHG UHJLRQ$ELDVDGMXVWPHQWRIWKHWKUHHSURGXFWVWKDWGR QRWLQ
JHVWDQ\JDXJH LQIRUPDWLRQLV SURSRVHG6HFWLRQ SUHVHQWV WKH
QXPHULFDOPRGHOOLQJVHWXSEDVHGRQ WKH685)(; SODWIRUP685)DFH





RI WKHVDWHOOLWHIRUFHG VLPXODWLRQVWR UHSURGXFHWKHRFFXUUHQFHRI WKH
PDMRUÀRRGVRIWKHSHULRGLVTXDQWL¿HG7KHFRQFOXVLRQVDQG SHUVSHFWLYH
RIWKLV ZRUNDUH JLYHQLQ 6HFWLRQ
+\GURORJLFDOFRQWH[W
7KH1LJHU 5LYHU )LJÀRZVWKURXJKDODUJH SDUWRI:HVW$IULFD,WV
VRXUFH LV ORFDWHG LQWKH KXPLGPRXQWDLQRXV)RXWD 'MDOORQ DUHD RI
*XLQHD,WLQLWLDOO\ÀRZVQRUWKZDUGVWRZDUGVWKH0DOLDQ6DKHO EHIRUH
WXUQLQJ VRXWKHDVWZDUGV WRZDUGV 1LDPH\DQG¿QLVKLQJ LWVNP
ORQJ MRXUQH\LQ 1LJHULD$QGHUVHQHW DO)HUU\ HW DO $Q
RULJLQDOIHDWXUHRI WKH1LJHU LVLWV‘LQQHUGHOWD’  WKHOLJKWRUDQJHDUHDLQ
)LJ ZKLFKLV FKDUDFWHUL]HGE\ D ODUJHODWHUDOH[SDQVLRQRIWKHULYHU
DQGODUJHHYDSRUDWLRQ ORVVHV $QGHUVHQHWDO  $URXQGRI
WKH LQÀRZLVORVW LQ WKH 'HOWD 0DKpHW DO
'XH WRZHDNO\FRQQHFWHG GUDLQDJHQHWZRUNV DQGDULGLW\VRFDOOHG
HQGRUKHLVPPRVWRIWKHQRUWKHUQSDUWRI WKHEDVLQGRHVQRW FRQWULEXWH
WRWKH ULYHU ÀRZ 7KHULYHU ÀRZ LQ1LDPH\RULJLQDWHVIURP DUHDVXSVWUHDP
WKHGHOWDDQG IURP DFWLYHWULEXWDULHVGRZQVWUHDPRIWKH 1LJHU–0DOLERU
GHU$VD FRQVHTXHQFH WKH1LJHU5LYHU LQ 1LDPH\H[KLELWV WZRSHDNV
)LJ7KH¿UVWSHDNRFFXUVEHWZHHQ $XJXVWDQG6HSWHPEHU ,WLV GXH
WR WKHKHDY\PRQVRRQ UDLQIDOORFFXUULQJLQ $XJXVWRYHU WKH EDVLQVRI
WKUHHULJKWEDQNWULEXWDULHV FLUFOHGLQ )LJWKH *RURXRO5LYHU EDVLQ
DUHDNP WKH'DUJRO NPDQGWKH6LUED NP
7KHVH HSKHPHUDOULYHUVWHUPHG “NRULV”DQG D VHULHVRI VPDOOHUNRULV RQ
ERWKEDQNVNP GH¿QH D FRQWULEXWLQJ DUHD RI  NP
'HVFURL[HW DO7KH ¿UVWÀRRGLV DOVR QDPHG‘UHG ÀRRG’  EHFDXVH
RIWKH FRORXURILWV VHGLPHQWDU\ORDG 7KHVHFRQGSHDN UHVXOWVIURP UXQRII
GXULQJ WKH UDLQ\ VHDVRQ -XQH–6HSWHPEHU LQ WKH XSSHU EDVLQ 7KH
UHVXOWLQJÀRRGZDYHLV VPRRWKHGDQGGHOD\HGE\ URXWLQJWKURXJKWKH
1LJHU ,QQHU'HOWDDQG RFFXUVLQ1LDPH\DURXQG -DQXDU\)LJ %HFDXVH
RILWRULJLQWKH VHFRQGÀRRGLVDOVR QDPHGWKH *XLQHDQÀRRG
,Q WKHSDVWWKHWZRÀRRGVXVHGWR EH PHUJHGLQWRD VLQJOHSHDN
$PDQLDQG1JXHWRUD 'HVFURL[ HWDO  EXW VLQFH WKH
V  WKH ¿UVW JUDGXDOO\ EHFDPH GLVWLQFW IURP  WKH  VHFRQG
'HVFURL[HW DO GHVFULEHGWKLVFKDQJHZLWKWKHSRHWLFLPDJH
‘WKHGURPHGDU\ EHFDPHDFDPHO’7KH ¿UVWÀRRGKDVLQWHQVL¿HG LQ
WKH ODVW GHFDGH EHFDXVH RI WKH LQFUHDVH LQ UXQRII LQ WKH6DKHOLDQ
]RQH$OEHUJHO $PDQL DQG 1JXHWRUD  0DKpHW DO
0DKpDQG3DWXUHO$PRJXHWDO 'HVFURL[
HWDO
$VVHHQLQ)LJWKHWZRGLVFKDUJHSHDNVDUH ODJJHGLQ WLPHDQG WKH
GHOD\EHWZHHQWKHWZRSHDNVPDNHVLWSRVVLEOHWR VWXG\LQGHSHQGHQWO\
WKHORFDO UDSLG 6DKHOLDQFRQWULEXWLRQV DQGWKHVORZHUVLJQDOGXHWR WKH
*XLQHDQÀRRG
7KHWKUHVKROG RI  PVí HTXLYDOHQWWRDULYHU KHLJKWRI
 FPLV LQGLFDWHGLQ )LJ$FFRUGLQJWR WKH1LJHU %DVLQ $XWKRULW\
1%$RU $%1LQ )UHQFKWKLVLVWKHFULWLFDOKHLJKWWKDW WULJJHUVÀRRGLQJ
6LQFH  WKHGLVFKDUJHLQ1LDPH\H[FHHGHGWKLVWKUHVKROG GXULQJ¿YH
\HDUV DQG 7DEOH 7KH PRVW UHFHQW
ÀRRGV DQGZHUHH[FHSWLRQDOLQ WKHLULQWHQVLW\PD[L
PXPGLVFKDUJHUDWHVEHWZHHQ DQG  PVíDQGRUWKHLUGX
UDWLRQ7KHVH DUH WKUHH FRQVHFXWLYHUHFRUGVIRU WKH¿UVWÀRRGVLQFHWKH
EHJLQQLQJRIGLVFKDUJHREVHUYDWLRQLQ1LDPH\LQV1RWH WKDWWKH
ÀRRGSDWWHUQGLIIHUVIURPWKHRWKHUÀRRGVWKH¿UVWÀRRGLVEULHI
DQG LQWHQVHDQG WKHGLVFKDUJHPLQLPXPEHWZHHQWKH¿UVWDQG WKH VHF
RQG ÀRRGLVWKH ORZHVWRIWKHVWXGLHGSHULRG
,QRUGHUWRGLVWLQJXLVKZKLFKSDUWRIWKH¿UVWÀRRGFDQ EH DWWULEXWHG































)LJ7KH1LJHU5LYHU%DVLQ7KHFLUFOHGHOLQHDWHVWKHULJKWEDQNEDVLQVWKDWFRQWULEXWHWRWKH¿UVWRU‘UHG’ ÀRRGVHHWH[W2QO\WKHWKUHH WULEXWDULHV UHOHYDQW IRUWKHVWXG\DUHGUDZQ
WKHGLVFKDUJHGLIIHUHQFHEHWZHHQ 1LDPH\DQG$QVRQJR LV DQDO\VHG
)LJ SUHVHQWVWKHDFFXPXODWHGGLVFKDUJHLQ $QVRQJRDQGLQ 1LDPH\
IRU WKHGD\ SHULRGSUHFHGLQJWKHVWÀRRGSHDN LQ1LDPH\ 7KHGLIIHU
HQFH EHWZHHQ$QVRQJRDQG 1LDPH\FRPHVIURP WKHFRQWULEXWLRQRIWKH
ULJKWEDQN WULEXWDULHV$WLPHODJ LV DSSOLHGWR WKH$QVRQJRGLVFKDUJH
GD\ WR DFFRXQW IRU WUDQVIHU WLPH EHWZHHQ $QVRQJRDQG1LDPH\
7KHODJYDOXH KDV EHHQFRPSXWHGEDVHGRQ RSWLPLVLQJWKHODJJHGFRUUH
ODWLRQEHWZHHQWKHWLPHVHULHVRI$QVRQJRDQG1LDPH\




WKHFRQWULEXWLRQIURP WKHORFDO WULEXWDULHVLVKLJK UHYHDOLQJKLJK UDLQIDOO
DFFXPXODWLRQQHDUE\1LDPH\7KH GLVFKDUJHLQIRUPDWLRQDW $QVRQJRLV
QRWDYDLODEOHIRU SUREOHPLQ WKHGDWD UHFRUG)LJ VKRZVRQO\
WKH1LDPH\GLVFKDUJHIRU WKLV\HDU
,Q WKHUHVWRI WKHSDSHUZH IRFXV RQ WKH K\GURORJLFDOLPSDFWRI WKH
UDLQIDOOFRQWULEXWLQJ WR WKHORFDO WULEXWDULHVRI WKH1LJHU ULYHUFLUFOHG








   7KLV VWXG\ DOVRIRFXVHV RQSURGXFWV WKDW
FRXOG EH HDVLO\ XWLOLVHGLQDQ RSHUDWLRQDOVHWWLQJEHFDXVHWKH\DUH DYDLO





7KHVH WKUHH UDLQIDOOSURGXFWVDUH QRWJDXJHDGMXVWHGDQGDUH WKHUH
IRUH DYDLODEOHZLWK D UHODWLYHO\VKRUW GHOD\ UDQJLQJIURPD IHZ KRXUV
%57 WR WZR GD\V&0253+)RU VLPSOL¿FDWLRQ WKHVHSURGXFWV
DUH UHIHUUHG WR DV ‘57’ IRUQHDU5HDO 7LPH LQ WKHUHVW RI WKHSDSHU
7KHVH 57SURGXFWVKDYHEHHQHYDOXDWHGUHFHQWO\WKURXJKDFRPSDULVRQ
ZLWKWKH$00$&$7&+ REVHUYDWRU\ /HEHOHW DOGHQVHJDXJHV
QHWZRUNLQ1LDPH\ 7KHFRPSDULVRQZDV GRQHDW WKH GDLO\ DQG GHJUHH
VFDOH LQ*RVVHWHWDODQG DWDQHYHQ ¿QHUUHVROXWLRQLQ*XLOORWHDX
HW DO%RWKVWXGLHVFRQFOXGHGWKDW WKHVH57SURGXFWVH[KLELWPH
GLXPWR KLJKSRVLWLYHELDVHVFRPSDUHGWR WKHJURXQG UHIHUHQFH7KH\
DOVR VKRZHGWKDW WKHSURGXFWVWKDW FRPELQHLQIUDUHGDQG PLFURZDYHLQ
IRUPDWLRQ H[KLELW YHU\ JRRGFRUUHODWLRQZLWK JURXQG REVHUYDWLRQVLQ
WHUPVRI WKHLUGDLO\ WLPHVHULHV*RVVHWHW DO 5RFD HW DO
DQG  VXEGHJUHH VFDOH  VSDWLDO VWUXFWXUH *XLOORWHDX HW  DO 









    


































)LJ GD\FXPXODWHGGLVFKDUJHEHIRUHWKHREVHUYHGGLVFKDUJHSHDNLQ 1LDPH\QRW IXOO\DYDLODEOHIRU IRU$QVRQJREOXHQRWDYDLODEOHLQ DQG1LDPH\JUH\7KH UDWLR
$QVRQJRRYHU1LDPH\LV LQGLFDWHGRQ HDFKEDU
2EVHUYHG GLIIHUHQFHV EHWZHHQWKH SURGXFWV• %Y +XIIPDQHWDO$FFRUGLQJWR*RVVHWHWDODQG
*XLOORWHDXHW DO WKHSHUIRUPDQFHRI WKLVSURGXFWFRPSDUHG
WRJDXJHVDQGWRRWKHUSURGXFWVRYHU 1LDPH\LVKLJKZKHQQXPHU
RXV VWDWLVWLFDOFULWHULDDUH FRQVLGHUHGRYHUDOOELDVFRUUHODWLRQRI WKH
WLPH VHULHVDQGVSDWLDOSDWWHUQV IUHTXHQF\GLVWULEXWLRQRI WKH UDLQ
UDWHV7KLV LV WKHRQO\ SURGXFWLQ RXUWHVW VHW DYDLODEOHZLWK D ORQJ
GHOD\DPRQWK
• 5)(+HUPDQHW DOZZZFSFQFHSQRDDJRYSURGXFWVIHZV
GDWDKWPOUIH7KH HYDOXDWLRQRI5)(RYHU WKH6DKHO VKRZHGWKDW
WKHSHUIRUPDQFHLV JRRG DW WKH GD\ VFDOH -REDUGHW DODQG
WKHELDV LV YHU\ ORZ *RVVHWHW DO+RZHYHUZKHQ HYDOXDWHG
DW WKHGDLO\ WLPHVWHS WKLVSURGXFWWHQGVWRRYHUHVWLPDWHWKHQXPEHU
RIUDLQ\ GD\V *RVVHWHW DO+HUPDQFHDQG 6XOLHPDQDQG
GLVWRUWVWKHIUHTXHQF\GLVWULEXWLRQRIUDLQ UDWHV*RVVHWHW DO
$VPHQWLRQHGDERYH WKH VDWHOOLWH UDLQIDOOSURGXFWV KDYH DOUHDG\
EHHQHYDOXDWHGLQ 6DKHOLDQ$IULFDE\ YDULRXVDXWKRUVZKRFRQFHQWUDWHG
RQ GLIIHUHQWVSDWLRWHPSRUDO VFDOHVPRQWKO\DQG GD\V LQ-REDUGHWDO
DQG3LHUUH HW DO GDLO\DQG GHJUHHV LQ *RVVHW HW DO
DQG5RFD HW DO DQGHYHQ¿QHUUHVROXWLRQLQ *XLOORWHDX
HWDO,QWKLVVHFWLRQZH FRQFHQWUDWHRQ WKHREVHUYHGGLIIHUHQFHV
EHWZHHQ WKH SURGXFWV RYHU WKH FDWFKPHQWEHWZHHQ$QVRQJRDQG






7DEOH FRPSDUHVWKHPHDQUDLQIDOO--$6RYHU WKH –SHUL
RG IRU WKHSURGXFWV$VH[SHFWHGWKHVHDVRQDO--$6UDLQIDOODFFXPX
ODWLRQRIWKHWZRSRVWDGMXVWHG VDWHOOLWHSURGXFWV%YDQG 5)(DUH
YHU\ FORVH WRWKHJDXJHSURGXFW&3&ZKLFKSURGXFHV PPRI UDLQ
RQDYHUDJH$V IRXQG LQSUHYLRXV VWXGLHVWKH 57SURGXFWV SURYLGH
PRUH UDLQWKDQ WKHSURGXFWV WKDWLQJHVW WKHJDXJH LQIRUPDWLRQ
%57DQG&0253+UDLQIDOODFFXPXODWLRQ DUHRI WKH VDPH RUGHU RI
PDJQLWXGH UHVSHFWLYHO\PP DQG PPDQG DUHDERXW 
KLJKHU WKDQ WKH DPRXQW IURP JDXJHV RUJDXJHDGMXVWHG SURGXFWV
3(56,$11 H[KLELWVWKH KLJKHVWDPRXQW PP SURGXFLQJDERXW
WZLFHDV PXFKUDLQDV WKHJDXJHDGMXVWHGSURGXFWV7KHVHQXPEHUV
)LQDOO\ DJDXJHRQO\SURGXFWDYDLODEOHZLWKDYHU\ VKRUWGHOD\OHVV
WKDQGD\VZDV DOVR XVHG 7KH &3&SURGXFW ;LHDQG $UNLQ XVHV
RSHUDWLRQDO GDLO\JDXJH LQIRUPDWLRQWUDQVPLWWHG WKURXJK WKH*OREDO
7HOHFRPPXQLFDWLRQ6\VWHP*76,QDGGLWLRQWRWKHGDLO\ PHDQUDLQIDOO
HVWLPDWH RYHU D JULG&3&DOVRSURYLGHV WKH QXPEHU RI JDXJHV
XWLOLVHG SHUSL[HO,Q WKH UHJLRQRI LQWHUHVW WKH GHQVLW\RI JDXJHV LV
ORZ )RU HDFKSL[HORI WKH&3&SURGXFWWKHPD[LPXPQXPEHURI UDLQ





0DLQFKDUDFWHULVWLFV RI WKHVL[ WHVWHGUDLQIDOOSURGXFWV















































































RILQWHUHVWIRU&3&DQG 5)(DQG OHVV WKDQIRU%Y 2QWKHRSSR
VLWH WKHPHDQFRQGLWLRQDOUDLQIDOO )LJF LV KLJKHUIRU %YMXVW
DERYH  PPGD\RQDYHUDJHWKDQ IRU 5)(DQG&3&ERWKEHORZ
 PPGD\7KHVH GLIIHUHQFHVDUH H[SHFWHGWRLPSDFWWKHK\GURORJLFDO
UHVSRQVH7KH ORZ QXPEHURIJDXJHVWKDW LVDFWXDOO\DYDLODEOHRYHU WKH
UHJLRQLQ &3&H[SODLQVZK\ WKLVSURGXFWWHQGVWRVPRRWKWKHUDLQIDOOLQ
IRUPDWLRQ7KH GLIIHUHQFHVEHWZHHQ %Y DQG5)(FRPHVIURPWKH
QDWXUHRIWKHDOJRULWKPVDQG WKHIDFWWKDW% XQOLNH5)(XVHV PLFUR
ZDYH LQIRUPDWLRQLQ DGGLWLRQWR WKHLQIUDUHGGDWDDV GHWDLOHGLQ WKHLU
UHIHUHQFHSDSHUV
7KH 57SURGXFWVSURYLGHPRUH UDLQIDOOWKDQ WKH JDXJHDGMXVWHG
SURGXFWVVWHDGLO\RYHU WKH\HDUV)XUWKHUDQDO\VLVKDV VKRZQWKDWWKH
ELDV LVWKH VWHDGLHVWIRU %57IROORZHGE\ 3(56,$11ZKLOH&0253+
V
ELDV LV WKHPRVWYDULDEOHIURP\HDUWR\HDU $OO 57SURGXFWVH[KLELWD
UHODWLYHO\KLJKPHDQ FRQGLWLRQDOGDLO\UDLQIDOO )LJ F%57DQG
&0253+DUH ERWK DERXW  PPGD\ RQ DYHUDJHDQG 3(56,$11
 PPGD\,Q WHUPVRI VSDWLDOH[WHQVLRQDQGQXPEHURI UDLQ\ GD\V
WKHUHLV QR FRPPRQWUHQGDPRQJWKH57SURGXFWV3(56,$11JHQHU
DWHVPRUHUDLQ\GD\VDQGPRUHH[WHQGHGHYHQWVWKDQWKHRWKHU57
%57KDV WKHORZHVWQXPEHURIUDLQ\GD\V DQG VPDOOHUVSDWLDOH[WHQ
VLRQ DPRQJWKH57SURGXFWV
,W LVQRWHZRUWK\LQ )LJ WKDWWKHGLIIHUHQFHLQ WKHQXPEHURIUDLQ\
GD\V DQG VSDWLDOH[WHQVLRQLVKLJKHUDPRQJWKH JDXJHDGMXVWHGSURG
XFWV WKDQIRU WKH 57SURGXFWVWKHODUJHVWGLIIHUHQFHEHLQJEHWZHHQ
5)(DQG %Y
$Q LPSRUWDQW FRQVLGHUDWLRQIRU K\GURORJLFDODSSOLFDWLRQVLV WKHGLV
WULEXWLRQRI WKHUDLQIDOOE\ LQWHQVLW\FODVVHV9LVFKHO DQG/HEHO 
DQG *RVVHWHW DO  ERWK IRFXVLQJLQ :HVW$IULFD PHQWLRQHG D





















DUH FRQVLVWHQWZLWKWKHSRVLWLYHELDV UHSRUWHGE\ VHYHUDODXWKRUVWKDW
FRPSDUHGWKH57SURGXFWVZLWKD JURXQG UHIHUHQFH 5RFDHW DO
-REDUG HWDO  3LHUUH HWDO 7KLHPLJ HWDO *RVVHW
HWDO*XLOORWHDXHWDODFFHSWHGIRU SXEOLFDWLRQ
)LJKLJKOLJKWVWKHGLIIHUHQFHVDPRQJSURGXFWVLQ WHUPVRIVHDVRQDO
--$6DFFXPXODWLRQ DQXPEHURI UDLQ\ GD\VEPHDQFRQGLWLRQDO
GDLO\ UDLQIDOO F DQGVSDWLDO H[WHQVLRQ RIWKHGDLO\ UDLQSDWWHUQV
GRYHU WKHSHULRG–7KH PHDQFRQGLWLRQDOGDLO\ UDLQIDOO LV
FDOFXODWHGIRU SL[HOVZLWKDW OHDVWPPGD\7KH VSDWLDOH[WHQVLRQLV
WKHSHUFHQWDJHRISL[HOVZLWKDWOHDVW PPRQ GD\V ZKHQWKHPHDQ
DUHDOUDLQIDOORYHU WKHGRPDLQLVDERYHPP
8QOLNH WKHVHDVRQWRWDO)LJD WKHWHPSRUDODQGVSDWLDOGLVWULEX
WLRQV RI UDLQIDOO YDU\VXEVWDQWLDOO\DPRQJWKH  SURGXFWVWKDW LQJHVW
JDXJHLQIRUPDWLRQ&3&DQG 5)(WHQGWRVSUHDGWKHUDLQIDOORYHU PRUH
UDLQ\GD\V)LJEDQGIRU HDFKGD\ RYHUD ODUJHUSDUWRI WKHEDVLQ





















































E\ WKHFRQWUDVWEHWZHHQ UDLQIDOOLQWHQVLWLHVDQGVRLO K\GUDXOLFFRQGXF
WLYLW\DV+RUWRQLDQSURFHVVHVDUH GRPLQDQW3HXJHRWHWDO
)LJSUHVHQWVWKHIUHTXHQF\GLVWULEXWLRQRIWKHGDLO\ UDLQIDOOD DQG
WKHFRQWULEXWLRQRIUDLQ UDWH FODVVHV WRWKHVHDVRQWRWDOEFRPSXWHGIRU
WKHUHJLRQRILQWHUHVWIRU --$6DQG WKHSHULRG–)LJE VKRZV




&3& SURGXFHVPXFKUDLQEHORZ PPGD\7KLV LV PRVWSUREDEO\GXH
WR VPRRWKLQJHIIHFWVDQGWKHORZ GHQVLW\RIWKH*76JDXJHQHWZRUNLQ
WKHUHJLRQ$VLPLODUWHQGHQF\WR SURGXFHD UHODWLYHO\KLJKSURSRUWLRQ
RIORZ UDLQUDWHVLVIRXQGIRU 5)(7KH SURGXFWVWKDWXVH WKHPLFUR
ZDYHLQIRUPDWLRQ%3(56,$11DQG &0253+VKRZDJRRG DJUHH




*RVVHW HW DO*XLOORWHDXHW DO DFFHSWHGIRU SXEOLFDWLRQ
WKHSURGXFWVGLIIHUQRWRQO\ E\ WKHLU DQQXDOUDLQIDOOWRWDOVEXWDOVR E\
WKHZD\UDLQIDOOLVGLVWULEXWHGLQ WLPHLQ VSDFHDQGE\ UDLQLQWHQVLW\
FODVVHV7KHVH GLIIHUHQFHVLPSDFW WKHVLPXODWHG K\GURORJLFDOUHVSRQVH
ZKHQWKHVHSURGXFWVDUHXVHG DV IRUFLQJ6WLVHQDQG6DQGKROW
*RVVHWHWDO7KLHPLJHWDO*RVVHWHWDOHYDOXDWHG
WKH 57SURGXFWVE\ FRPSDULVRQZLWK WKHGHQVHQHWZRUNRI JDXJHV
IURP$00$&$7&+1LJHU /HEHOHW DOQHDU1LDPH\7KH\ FRQ
FOXGHGWKDW WKHVH SURGXFWV ZHUH SRVLWLYHO\ELDVHGDQG VKRZHG WKDW
WKH\ UHVXOWHG LQ H[FHVVUXQRII ZKHQXVHG DV IRUFLQJ WRK\GURORJLFDO
PRGHOV$Q DGMXVWPHQWRI WKHVH SURGXFWV LV WKHUHIRUH SURSRVHG LQ
WKH QH[WVHFWLRQ
&RUUHFWLRQ RIWKH 57SURGXFWV
7KH PRVWFRPPRQSUDFWLFHIRU ELDVDGMXVWLQJ VDWHOOLWHUDLQIDOOSURG
XFWV LVWR LQMHFWJDXJHLQIRUPDWLRQDV GRQHIRU %Y DQG5)(,I57
JDXJHLQIRUPDWLRQLVQRWDYDLODEOHRU LILWLVXQUHOLDEOHRU WKHQHWZRUN
GHQVLW\LVWRRVSDUVHIRU WKHLQIRUPDWLRQWREH YDOXDEOHWKHFRUUHFWLRQ
FDQ EH GRQHRQ DFOLPDWRORJLFDOEDVLV 3UREDELOLW\PDWFKLQJEHWZHHQD
VHULHVRIVDWHOOLWHHVWLPDWHVDQGDUHIHUHQFHUDLQIDOOWLPHVHULHVLVDQ DF
FHSWHGVROXWLRQ7KLHPLJHWDO
,QWKHSUHVHQWFDVH WKH REMHFWLYHLV WRELDVDGMXVWWKHUDLQIDOOSURG
XFWVDWWKH KUHVROXWLRQ$WWKLVUHVROXWLRQDQG JLYHQ WKHORZ GHQ
VLW\RI WKH JDXJH QHWZRUN LQ $IULFD WKH JURXQG UHIHUHQFH EDVHG RQ
JDXJHVRQO\ LV LPSDFWHGE\ VPRRWKLQJHIIHFWV*LYHQ WKHJRRGSHUIRU
PDQFHSUHYLRXVO\UHSRUWHG IRU %Y*RVVHWHWDO DQGRXU
RZQDQDO\VLVEDVHGRQ WKH$00$&$7&+1LJHU WLPHVHULHV LWZDV GH
FLGHG WR PDWFK WKH IUHTXHQF\GLVWULEXWLRQVRI WKH 57SURGXFWVWR
%Y
7KHSULQFLSOHRIWKH SUREDELOLW\PDWFKLQJPHWKRG IRUFRUUHFWLQJDVH
ULHV < >\\Q@EDVHGRQ WKHVWDWLVWLFDOSURSHUWLHV RIDQRWKHUYDULDEOH
; >[[P@LVUHYLHZHGKHUH)LUVWWKH FXPXODWLYHGLVWULEXWLRQIXQFWLRQ
FGIRIERWK<DQG ;LVFDOFXODWHG7KHQ HDFK YDOXH \LLVUHSODFHGE\ WKH
YDOXHLQ WKHVHULHV;ZKLFKKDV WKHVDPHFGIYDOXHDV \L)RU LQVWDQFHLI
WKHFGI YDOXHRI \LLVWKHQ\LLV UHSODFHGE\ WKHWK SHUFHQWLOH RI
WKHYDULDEOH;
$QDQDO\WLFDOIRUPXODWLRQRIWKHIXQFWLRQWKDW FRQYHUWVWKH<VHULHVLV
¿WXVLQJD UHIHUHQFHGDWD VHW DQGWKHQDSSOLHGWRDQ\ VHULHVRI<WKDW
QHHGVFRUUHFWLRQ7KHFRUUHFWLRQIRUPXODHZHUHGHWHUPLQHG E\FRPSDU
LQJWKHVHULHV RI HDFK 57SURGXFWZLWK%YRYHU  \HDUV
–RYHU WKHVWXGLHGDUHD $SRO\QRPLDOIXQFWLRQZLWKGHJUHH
RU OHVV ZDV IRXQGDGHTXDWH
௖ܻ௢௥௥ ൌ ܽ ൅ ܾܻ ൅ ܻܿଶ 
ZKHUH<FRUULVWKH ELDVDGMXVWHGSURGXFWVHWWRLILWLVQHJDWLYHDQG <LV
WKH57YDOXH7KH IRUPXODH¿WWHG IRU WKH 57SURGXFWVDUHJLYHQ LQ
7DEOH  IRU LQIRUPDWLRQSOHDVHQRWHWKDWWKLV FRUUHFWLRQZDVIRXQGWR
EH DGDSWHGWR WKHORFDWLRQDQGSHULRGZKHUHLW ZDV¿WWHGDQGVKRXOG
QRWEHXVHGLQ RWKHUFRQGLWLRQV7DEOH LVRQO\ LQIRUPDWLYH
7KH LQWHUDQQXDO FKDUDFWHULVWLFVRI WKH ELDVDGMXVWHG57SURGXFWV
DQGWKHLU IUHTXHQF\GLVWULEXWLRQVDUH GLVSOD\HGLQ )LJVDQG $IWHU
FRUUHFWLRQWKHUDLQIDOODFFXPXODWLRQV DQGWKHSURSRUWLRQRI KLJKUDLQ
UDWHVDUH LQEHWWHUDJUHHPHQWDVVHHQ LQWKH¿JXUHVDQG LQ7DEOH $VLP
SOH JOREDOFRUUHFWLRQVXFKDV WKHRQH LPSOHPHQWHGKHUHLQIDLOV LQ WKH
FDVH RI D VWURQJ LQWHUDQQXDO YDULDELOLW\LQ WKHSURGXFWSHUIRUPDQFH
)RULQVWDQFH)LJD VKRZVWKDWLQ  3(56,$11DFFXPXODWLRQLVUHOD
WLYHO\ORZHUWKDQ IRU WKHRWKHU\HDUV )LJVKRZVWKDWIRU WKDW\HDU WKH
SURGXFW FRUUHFWLRQEULQJV3(56,$11EHORZDOO WKHRWKHUSURGXFWV7KH
VDPHLV WUXHIRU &0253+LQ )XUWKHUDQDO\VLVZRXOGEH QHHGHG
DQG DQ DGMXVWPHQWRIWKHSURGXFWVRQ D\HDU WR\HDU EDVLV PLJKWEH EHW
WHUKRZHYHUWKLVLVEH\RQGWKHVFRSHRIWKHSUHVHQWDQDO\VLV
7KH K\GURORJLFDOVLPXODWLRQ LV EDVHG RQWKHODQG VXUIDFHPRGHO




,6%$ZDV LQLWLDOO\GHYHORSHG E\ 1RLOKDQDQG3ODQWRQ6RPH
GHYHORSPHQWVKDYHEHHQGRQHWR LPSURYHWKH K\GURORJLFDOPRGHOOLQJ








































DQG FRQVWDQW ÀRZ YHORFLW\ PVí7KHODWHVW YHUVLRQ RI 75,3
FRXSOHGZLWK,6%$WDNHVLQWRDFFRXQWDYDULDEOHÀRZYHORFLW\FRPSXWHG
YLD0DQQLQJHTXDWLRQ (T  'HFKDUPHHWDODJURXQGZDWHU
UHVHUYRLU * 'HFKDUPH HWDO  D WZRZD\ÀRRG VFKHPH )
'HFKDUPHHWDO DQGD GHHS DTXLIHUUHVHUYRLU $T3HGLQRWWL
HWDO7KLV QHZ V\VWHPUHVXOWVLQ WKHIROORZLQJJRYHUQLQJHTXD
WLRQV
)LJ6DPHDV )LJZLWKFRUUHFWHG57SURGXFWV
ZKHUH 4LQDQG 4RXWUHSUHVHQWUHVSHFWLYHO\WKHLQÀRZDQG WKHRXWÀRZRI
WKHUHOHYDQWUHVHUYRLUĮLVD¿[HGYDOXHGH¿QLQJWKHSDUWLWLRQRI
WKHGHHSGUDLQDJHVEJRLQJ WRJURXQGZDWHUĮDQG DTXLIHUíĮ
+HUH ZDWHUJRLQJWR GHHSDTXLIHUUHVHUYRLUGRHVQRWFRQWULEXWHWR WKH
ULYHU ,IDQG(IDUH UHVSHFWLYHO\WKH LQ¿OWUDWLRQDQGWKHHYDSRUDWLRQDQG
3IWKH UDLQIDOO RYHU WKH ÀRRG SODLQ 0RUH GHWDLOV FDQ EH IRXQG LQ
3HGLQRWWLHWDO 7KHRXWÀRZIURPDULYHUJULG FHOO LVGH¿QHGDV
ZKHUH4RXW LVWKHVLPXODWHGULYHU GLVFKDUJHP Ví/LVWKHULYHU OHQJWK
P6LVWKHZDWHUPDVV NJNLVDFRQVWDQWHTXDOWR5LVWKHK\GUDXOLF
UDGLXVPDQGV LV WKHGRZQVWUHDPULYHUKHLJKWORVV SHUXQLWOHQJWK
PPí
ߜܣݍߜݐ ൌ  ሺͳ െ ߙሻܳ௦௕ െܳ௢௨௧஺௤ 
ߜܩߜݐ ൌ ߙܳ௦௕ െܳ௢௨௧ீ ߜܵߜݐ ൌ ܳ௜௡ௌ ൅ܳ௢௨௧ீ ൅ሺܳ௢௨௧ி െܳ௜௡ி ሻ ൅ ܳ௢௨௧ௌ ߜܨߜݐ ൌ ܳ௜௡ி ൅൫ ௙ܲ െܫ௙ െܧ௙൯ െ ܳ௢௨௧ி  
ܳ௢௨௧ௌ ൌ ݒܮ ܵݓ݅ݐ݄ݒ ൌ  ݇݊௥௜௩ ܴଶ ଷΤ ݏଵ ଶΤ  
)LJ6DPHDV )LJZLWKFRUUHFWHG57SURGXFWV
LPSOHPHQWDWLRQRI DQ H[SRQHQWLDOSUR¿OHRI WKH VDWXUDWHGK\GUDXOLF
FRQGXFWLYLW\ ZLWK VRLO  GHSWK 'HFKDUPH DQG  'RXYLOOH  
'HFKDUPHHWDO
7KH 75,3URXWLQJVFKHPHZDV GHYHORSHGDW WKH7RN\R 8QLYHUVLW\E\










































VLPXODWLRQV IRUFHGZLWKWKH:)'(,GDWD VHWRU ZLWKDQ LQWHUDQQXDO
PHDQ IRUDOO PHWHRURORJLFDO YDULDEOHVH[FHSW UDLQIDOO DW HDFK WLPH
VWHS$VWKH:)'(,GDWDVHW ZDVDYDLODEOHIURPWRRQO\ ZH
XVHG DQ LQWHUDQQXDOPHDQWR IRUFH WKH/60 ,6%$IURPWR 
1RWHWKDW WKLVORZ VHQVLWLYLW\RI WKHVLPXODWHG GLVFKDUJHDQRPDO\WR
XVLQJDFOLPDWRORJLFDOIRUFLQJLVSDUWLFXODUO\LQWHUHVWLQJ IRU RSHUDWLRQDO




SURSDJDWLRQ WKURXJK WKH  LQQHU GHOWD  KDV SURYHG WR EH GLI¿FXOW
'HFKDUPHHWDO3HGLQRWWLHWDOEHFDXVHWKH K\GURG\QDP
LFVLQVLGHWKHGHOWDDQG LWVÀRRGSODLQVDUH QRWUHVROYHGH[SOLFLWO\E\ WKH
UHODWLYHO\VLPSOHÀRRGSDUDPHWHUL]DWLRQ XVHG KHUHLQ,Q RUGHUWR FRU
UHFWO\DVVHVVWKH UDSLGUHVSRQVHRI WKHZDWHUVKHGWRWKH PRQVRRQUDLQ
IDOO LQ WKH YLFLQLW\RI 1LDPH\FLUFOH LQ )LJ ELDV LQ WKHVLPXODWLRQ
SURSDJDWHGIURP XSVWUHDPVKRXOGEH DYRLGHG7KHUHIRUHLQ WKHFXUUHQW
VWXG\D VSHFL¿FVHWXS ZDV DGRSWHGLQ RUGHUWRH[DPLQHWKH K\GURORJL
FDO UHVSRQVHWRWKH‘ORFDO’ UDLQIDOOWKHREVHUYHGGLVFKDUJHLVLPSRVHGDS
SUR[LPDWHO\ NP XSVWUHDPRI1LDPH\DQG EHIRUHWKH MXQFWLRQZLWK
WKHULJKWEDQN WULEXWDULHVDWWKHVWDWLRQORFDWHGLQ WKHFLW\RI$QVRQJR
)LJVDQG 7KH QXPHULFDOH[SHULPHQW LVOLPLWHGWRWKH1LJHU EDVLQ
EHWZHHQ$QVRQJR ǈ1 ǈ(0DOL DQG1LDPH\ǈ1 ǈ
(1LJHU LQFOXGLQJ WKH WUHH ULJKWEDQN WULEXWDULHV*RURXRO 'DUJRO
DQG6LUED
7KLV FRQ¿JXUDWLRQLVD UHVHDUFKYHUVLRQEXWFRXOGEH FRQVLGHUHGIRU
RSHUDWLRQDOÀRRGSUHGLFWLRQ)RU RSHUDWLRQDOSXUSRVHVRQHFRXOGUXQ
WKHPRGHOZLWKDGDLO\ GLVFKDUJHFROOHFWHGLQ $QVRQJRRULQ WKHIXWXUH
IURP VDWHOOLWHDOWLPHWU\6RPH ÀRRGPRGHOVDUH EDVHGVROHO\ RQ UHODWLQJ
WKHGLVFKDUJHLQRQH SRLQWZLWKWKH GLVFKDUJHXSVWUHDP7KHXVH RI,6%$




,QWKLV VSHFLDOH[SHULPHQWZH IRUFHG 75,3DW$QVRQJRZLWKREVHUYHG
GLVFKDUJHDWWKLVVWDWLRQ7KH 1LJHU %DVLQ $XWKRULW\SURYLGHGGDLO\ GLV
FKDUJHIURP WR
2WKHU SDUDPHWHUV
7KH685)(;PRGHOUHOLHV RQ DVLPSOH¿UVWRUGHU SK\VLFDOUHSUHVHQWD
WLRQRI K\GURORJLFSURFHVVHV7KH PRGHOSDUDPHWHUV DUH GHULYHG IURP
WKH(&2&/,0$3 GDWDEDVH &KDPSHDX[HW DODQGRWKHUSK\VLR
JUDSKLFLQIRUPDWLRQ VRLOW\SHWRSRJUDSK\HWF 7KXV WKHPRGHOFDQ
EH XVHGRQ XQJDXJHGEDVLQVDQGRUDW WKHJOREDO VFDOH ZLWKRXWFDOLEUD
WLRQ7KH ,6%$75,3PRGHOLVXOWLPDWHO\LQWHQGHGIRU XVH LQ D FRXSOHG
JOREDOFOLPDWHPRGHOZKLFK UHTXLUHV D FRPSURPLVH LQ WHUPVRI WKH
OHYHO RIFRPSOH[LW\DQGLPSOLHVDUHODWLYHO\FRDUVHVSDWLDOUHVROXWLRQ
)RU WKHFXUUHQW VLPXODWLRQVWKH,6%$SDUDPHWHU YDOXHVQHHGHG IRU
FDOFXODWLQJWKHHQHUJ\DQGZDWHU VXUIDFHEXGJHWDUH NHSWVWDQGDUGDV
LQ 3HGLQRWWLHWDO 1RWHKRZHYHUWKDWFHUWDLQNH\ K\GURORJLFDO
SDUDPHWHUV VXFKDV WKRVH FRQWUROOLQJVXEJULGUXQRII RU ULYHUÀRZ
FDQEH DGMXVWHG IRU D VSHFL¿F FDVHRU EDVLQ DSSOLFDWLRQ7KH GHIDXOW
ODUJH VFDOH SDUDPHWHU YDOXHVKDYH EHHQGHWHUPLQHGXVLQJ VLPSOHHPSLU
LFDODQG JHRPRUSKRORJLFDOUHODWLRQVKLSVLQRUGHUWRDSSO\WKH,6%$75,3
PRGHODWWKHJOREDO VFDOH WKXVVPDOOHURU EDVLQVSHFL¿FHUURUVDUH WREH
H[SHFWHG$IWHU VRPHVHQVLWLYLW\VWXGLHVDQ DGMXVWPHQWRI WKH0DQQLQJ
FRHI¿FLHQWQULYLQ75,3(TZDV GRQHRYHU WKH VWXG\DUHD 7KHLQLWLDO
YDOXHRIWKLVSDUDPHWHUZDV  IRU WKH1LJHU ULYHUEHWZHHQ$QVRQJR
DQG 1LDPH\ DQG DURXQG RYHU WKHRWKHUSDUWVRIWKHGUDLQDJHDUHD
7KLV UHVXOWHGLQ YHU\ ‘VORZ’ RU ÀDWWHQHGVLPXODWHGGLVFKDUJH,Q WKHFXU
UHQWVWXG\DVSDWLDOO\FRQVWDQWYDOXH RI LVSUHVFULEHGRYHU WKHHQ




)RUFLQJ GDWDFRQVLVWVLQ UDLQIDOO6HFWLRQDQG DWPRVSKHULFVWDWH
YDULDEOHVDLU WHPSHUDWXUHVSHFL¿FKXPLGLW\ZLQGFRPSRQHQWVDW P
DQGVXUIDFHSUHVVXUH)RUWKHFXUUHQWVUXQVWKHDWPRVSKHULFVWDWHYDUL
DEOHVDUH EDVHGRQ WKH:$7&+)RUFLQJ'DWD PHWKRGRORJ\DSSOLHGWR
(5$,QWHULPGDWD :)'(,:HHGRQHW DO:)'(,SURYLGHHLJKW
PHWHRURORJLFDOYDULDEOHVDWKRXUO\WLPHVWHSVIRU JOREDOVXUIDFHDW
 î  UHVROXWLRQ1RWHWKDW WKH:$7&+UDLQIDOO¿HOGLV UHSODFHG
E\WKH SURGXFWVGHVFULEHGKHUHLQ





UDLQIDOO IRUFLQJ LV FRPSDUHGWR WKHREVHUYDWLRQVLQ )LJ 7KH 1DVK






%YLVKLJKWRSSORWLQ )LJ 7KH16(LV VOLJKWO\KLJKHUIRU WKH
%YEDVHG VLPXODWLRQ7KH ]RRP RQ WKH¿UVWÀRRGVKRZQEHORZ
)LJUHYHDOVWKDWWKHVLPXODWLRQEDVHGRQ WKLV IRUFLQJLVEHVWDWUH
SURGXFLQJWKH IDVW YDULDWLRQVRI WKHGLVFKDUJH7KLV LV DWWULEXWDEOHWR
WKHKLJKWHPSRUDOUHVROXWLRQ K RI WKLVSURGXFWDQGDOVR GXHWR LWV
DELOLW\WRUHSURGXFH WKHVSDWLDOSDWWHUQV *XLOORWHDXHWDODFFHSWHGIRU
SXEOLFDWLRQLQFRQWUDVWZLWKWKHWHQGHQF\RI5)(WRVPRRWKWKH UDLQIDOO
SDWWHUQV 6HFWLRQ DQG)LJVDQG $VH[SHFWHGWKHVLPXODWLRQV
)LJ7KHDUHDRIWKH1LJHUEDVLQEHWZHHQ$QVRQJRDQG1LDPH\FRQVLGHUHG IRUWKHVLP








































)LJ7KH REVHUYHGEODFNGDVKDQG,6%$75,3VLPXODWHG GLVFKDUJHDW1LDPH\IRUWKH LQGLFDWHG UDLQ IRUFLQJ7RS&3&5)(%Y 0LGGOH%57 &0253+ DQG3(56,$11%RWWRP
WKH ELDVDGMXVWHG57SURGXFWV7KHKRUL]RQWDOJUH\GDVKHGOLQHUHIHUVWRWKHP VíYDOXHWKDWGH¿QHVWKHÀRRGWKUHVKROG7KH16(V (T  DUHLQGLFDWHGRQWKHSORWV
EDVHGRQ WKH57HVWLPDWRUVSURGXFHVWURQJSRVLWLYHELDVHVLQ WKHGLV
FKDUJHPLGGOH SORWLQ )LJ 7KH 57SURGXFWVELDVDGMXVWHGZLWKWKH
VLPSOHSUREDELOLW\PDWFKLQJPHWKRG SURYLGHPXFKEHWWHU UHVXOWVERW
WRP SORWLQ)LJ7KHEHVW16(LVREWDLQHGIRUWKHELDVDGMXVWHGYHUVLRQ
RI%57ZKLFKKDV WKHVDPHVNLOO DV WKHJDXJHIHG SURGXFWV
5)(&3&DQG %Y KDYHVLPLODUYDOXHVRIWKHFXPXODWHGUDLQ
IDOO RYHU WKHSHULRGDQGWKHGRPDLQ 6HFWLRQEHFDXVHWKH\ERWK
LQJHVW JDXJH LQIRUPDWLRQ )XUWKHUH[DPLQDWLRQ RI WKHWZRXSSHU
PRVWSDQHOVLQ )LJE DQGF UHYHDOVWKHGLIIHUHQFHVLQ WKHZD\WKH
UDLQIDOOLV GLVWULEXWHG LQ WLPHDQG VSDFH ,WDOVR VKRZVWKH FRQVH
TXHQFHV RQ WKH VLPXODWHG K\GURORJLFDOUHVSRQVH5)(VSUHDGV WKH
UDLQ VPRRWKO\ RYHU WKH GRPDLQ DQG WKH UDLQ UDWHVDUH TXLWH ORZ
WKXV OLPLWLQJWKHUXQRIIDQGVXEVHTXHQWGLVFKDUJH7KH %YDQG
&3& VLPXODWLRQV IROORZ WKHREVHUYHGULVH LQ WKHREVHUYHGGLVFKDUJH
PXFK EHWWHU7KH GDVKHG OLQHV LQ WKH ERWWRP SDQHOV VKRZ WKH
LQWHUDQQXDOPHDQRI WKH GLVFKDUJHDQGFRQ¿UPWKDW WKHDJUHHPHQW
EHWZHHQ WKH%Y IRUFHG VLPXODWLRQ DQGWKHREVHUYDWLRQ LV
VWHDG\7KH XQGHUHVWLPDWLRQRI WKHGLVFKDUJHZLWK5)(LV D VWDEOH
IHDWXUH DQG LQDFFRUGDQFHWR ZKDW ZDV IRXQG E\*RVVHW HW DO
LQ %HQLQ
$VVHHQ LQ)LJWKHSRVLWLYHELDV LQWKH57SURGXFWVSURSDJDWHVDVD
SRVLWLYHELDV LQ WKH GLVFKDUJH7KH SRVLWLYH VKLIW RI WKHIUHTXHQF\
GLVWULEXWLRQ )LJE HQKDQFHV WKLV ELDV 7KLHPLJHW DO
*RVVHWHWDO%LDVDGMXVWLQJWKHSURGXFWVLPSURYHVWKHUHVXOWV
7KH EHVW VLPXODWLRQLV REWDLQHGZLWK WKH ELDVDGMXVWHGYHUVLRQRI
%57 )LJG 7KH UHVSRQVHWR WKH¿UVW LQWHQVHHYHQWLV ZHOO
UHSURGXFHGKRZHYHUWKHELDVDGMXVWPHQWUHGXFHVWRRPXFKWKH HI
IHFWRIWKHVHFRQGHYHQW$VPHQWLRQHGLQ6HFWLRQ&0253+ELDV
$FORVHU ORRNWRÀRRG HYHQWV G\QDPLFV
)LJVDQG LOOXVWUDWHWKHJHQHVLVRIWKH DQG  ÀRRGVDQG
WKHUDLQ WKDW FDXVHG LWXVLQJYDULRXVUDLQIDOOSURGXFWV7KH WLPHHYROX
WLRQDQGVSDWLDOGLVWULEXWLRQRI UDLQIDOOZLWKLQ WKHIRUW\QLQHSL[HOVLV
VKRZQLQ WKHXSSHUPRVW SDQHOV7KH<D[LV LV WKHSL[HOQXPEHUDV LQ
)LJWKHODUJHUWKHQXPEHUWKHIXUWKHUDZD\IURP1LDPH\WKH SL[HO
LV 7KH UDLQIDOO LV JLYHQ DV WKH GDLO\DPRXQWRI UDLQIDOOLQPP SHU
SL[HO 7KH ERWWRPSDQHOVGHSLFWZLWKWKHVDPH[D[LV WKHGDLO\ WLPHVH
ULHV RIPHDQ UDLQIDOORYHU WKHGRPDLQDQGWKHREVHUYHGDQGVLPXODWHG
GLVFKDUJH
,Q )LJ WKHWZRVXFFHVVLYHULVHV RIWKHGLVFKDUJHDUH DVVR
FLDWHGZLWKDW OHDVWPDMRUHYHQWVWKDWRFFXUUHGLQ $XJXVW$XJXVWUG
DQG $XJXVWWKIRU%Y )LJF 7KHVH UDLQIDOOHYHQWVDUH HVWLPDW









































)LJ7LPHHYROXWLRQRI WKH UDLQIDOORYHUWKH UHJLRQ LHWKH SL[HOVQXPEHUHG LQ )LJDQGWKHREVHUYHGDQGVLPXODWHGGLVFKDUJHEHWZHHQWKHVWRI-XQHDQGWKHREVHUYHG¿UVWSHDN





)LJH 3(56,$11 )LJILV WKH PRVWELDVHGDQG WKHULVHLQ
WKHGLVFKDUJH LVERWK WRR KLJKDQGPXFK WRR HDUO\7KH ELDV









































DQGDUHFRUUHFWO\GHWHFWHG DV ÀRRGHGIRU DWOHDVWRQHGD\
E\ WKHVHVLPXODWLRQV7KH\DOOPLVV WKHVKRUWÀRRGLQ &3&PLVVHV
DOVR WKH ÀRRGDQG %Y IDOVHO\ GHWHFWVÀRRGVLQ DQG 
$VH[SHFWHGIURP WKH SUHYLRXVVHFWLRQVWKHVLPXODWLRQVEDVHGRQ WKH57
SURGXFWVJHQHUDWHDORWRIVSXULRXVÀRRGVEHFDXVHRIWKHH[FHVVRIUDLQ
IDOO7KH%57DQG 3(56,$11EDVHGVLPXODWLRQVJHQHUDWHÀRRGVHYHU\
\HDU7KH UHVXOWV DUHLPSURYHGZLWK WKH ELDVDGMXVWHG 57SURGXFWV









RI \HDUVZLWKDW OHDVWRQHÀRRGGD\ LV LPSURYHG LIRU WKHJDXJH
DGMXVWHG SURGXFW DVOLJKW LPSURYHPHQW LVIRXQG IRU%Y RQO\
 \HDUZLWKIDOVH DODUPLL IRU WKH57SURGXFWVWKH LPSURYHPHQWLV
VSHFWDFXODU7KH QXPEHURI\HDUVZLWKD IDOVHO\ GHWHFWHGÀRRGLVPXFK
UHGXFHG\HDUVIRU%57DQG&0253+DQGZLWK3(56,$11
7KLV VXJJHVWVWKDWDQ HQVHPEOHSUHGLFWLRQEDVHGRQ VHYHUDO57HVWL
PDWRUVDQGLGHDOO\ VXEHQVHPEOHV EDVHGRQ WKHXQFHUWDLQW\IRU HDFK
HVWLPDWRU ZRXOG SURYLGH VRPH VNLOOIRU GHWHFWLQJ \HDUV ZLWKÀRRG
ULVN $PRUH FKDOOHQJLQJWDVNKRZHYHULV WR SUHGLFWWKHGXUDWLRQDQG
WLPLQJRIWKHÀRRGZLWKLQWKHVHDVRQ
,Q7DEOHV DQG WKHVNLOO RIWKHVLPXODWLRQVLVDQDO\VHGLQ WHUPVRI
SUREDELOLW\RIGHWHFWLRQ32'DQG IDOVH DODUPUDWH)$5IRU LQGLYLGXDO
6LPLODU WHQGHQFLHVLQWKHGLIIHUHQFHVEHWZHHQWKH SURGXFWVDQG WKHLU
FRQVHTXHQFHVRQ WKHK\GURORJLFDOUHVSRQVH PD\EH GUDZQIURPWKH
 DQGVHTXHQFHQRWVKRZQ
7KH ÀRRGLVSUHVHQWHGLQ )LJ IRU WKH %Y IRUFLQJ RQO\ DV
DQ LOOXVWUDWLYHH[DPSOHRIWKH OLPLWVRIWKHK\GURORJLFDOVLPXODWLRQV%H
WZHHQ-XO\ WKDQG$XJXVW WK WKH REVHUYHGGLVFKDUJHLQFUHDVHV
VKDUSO\EXWQR SURGXFWGHWHFWVDQ\ VWURQJ UDLQIDOODQGDFFRUGLQJO\WKH
VLPXODWLRQPLVVHVWKLV LQFUHDVHDQGUHPDLQVFORVH WR WKHLQWHUDQQXDO
PHDQ$%1UHSRUWHGD G\NH UXSWXUHZKLFKFRXOGH[SODLQWKHGLVDJUHH
PHQWEHWZHHQWKHGLVFKDUJHREVHUYDWLRQVDQGWKHUDLQIDOO
7KH WLPHVHULHVLQ)LJVDQG  SRLQWRXWWKDWEHWZHHQWKHUDLQIDOO
HYHQWVDQGWKH VXFFHVVLYHULVHV LQ WKHGLVFKDUJHWKDWEXLOGWKH1LDPH\
¿UVWÀRRG WKH WLPHODJ LVDERXW WRGD\V 7KLV LPSOLHVWKDW UDLQIDOO




WKDWOHDGV WRÀRRGLV PVí%DVHG RQ WKHDQDO\VLVRIWKHGLVFKDUJH
WLPHVHULHVWKLVWKUHVKROGLVHTXLYDOHQWWRWKHWKSHUFHQWLOHRYHU WKH
–SHULRG7KLVVHFWLRQGLVFXVVHVWKHDELOLW\RIWKHSURGXFWVSOXV
PRGHOWR SUHGLFWDSHULRGRI WLPHZKHQWKHPVíOHYHO RU WKH
WKSHUFHQWLOHLQ WKHGLVFKDUJHDUH H[FHHGHG
)LJVXPPDUL]HVWKH SHULRGVSHU \HDU ZKHQWKHREVHUYHGDQG VLP
XODWHGGLVFKDUJHVH[FHHGHGWKHP VíWKUHVKROG7KH DJUHHPHQW
EHWZHHQWKHREVHUYDWLRQVDQGWKHVLPXODWLRQVIRUFHGE\ &3& DQGWKH
JDXJHDGMXVWHG SURGXFWV– 5)(DQG%Y– LV TXLWHJRRG







































ÀRRGGD\V EDVHGRQ WKHWKSHUFHQWLOH,QDGGLWLRQWRWKHFODVVLFDO 32'
RU )$5FDOFXODWHGE\FRPSDULQJHDFK REVHUYHGÀRRGZLWKWKHVLPXODW
HG GLVFKDUJHRQ WKHVDPHGD\ ZH DOVR DOORZHGD WHPSRUDO WROHUDQFH
7KH GHWHFWLRQLVFRQVLGHUHGYDOLG LIRQH ÀRRGGD\ LV SUHGLFWHGZLWKLQD
WLPHZLQGRZRISOXVPLQXV1GD\V 7KLV WROHUDQFHZLQGRZDOORZVYHU
LI\LQJ LIWKHSUHGLFWLRQV\VWHPUDLQIRUFLQJ PRGHOGLDJQRVHVDÀRRG
HYHQWEXWQRWLWV H[DFW WLPLQJ7KH UHODWLYHO\FRDUVHUHVROXWLRQ RI WKH
PRGHOWKH VLPSOL¿HGUHSUHVHQWDWLRQ RIWKH UXQRIISURFHVVHVWKHXQFHU
WDLQW\LQ WKHUDLQ IRUFLQJ PD\ FDXVHVOLJKW VKLIWV LQ WKHWLPLQJRIWKHK\
GURORJLFDOUHVSRQVH )LJVKRZVLQGHHGWKDWWKHGDLO\ VFDOH GHWDLOVLQ
WKHGLVFKDUJHDUH GLIIHUHQWIRU WKHYDULRXVVLPXODWLRQVDQG IRU WKHREVHU
YDWLRQ7DEOHV DQG UHSRUWWKHUHVXOWVIRU WKHFODVVLFDO32'DQG)$5
DQGZLWKWROHUDQFHZLQGRZVRIDQGGD\V
:LWK WKHVLPXODWLRQVEDVHGRQ &3&DQG %Y WKH32'LVDQG
ULVHV DWIRU D WLPHWROHUDQFHRIGD\V RU PRUH)RU WKHVHWZRVLPX
ODWLRQVWKH)$5 LVLQLWLDOO\DQGGURSVWR DQGEHORZIRU D GD\
WROHUDQFH7KH &3&DQG %Y EDVHG VLPXODWLRQV DUHLQ YHU\ JRRG
DJUHHPHQW GHVSLWH WKH GLIIHUHQFHVEHWZHHQ WKHVH WZR SURGXFWV LQ
WHUPVRI QXPEHULQWHQVLW\ DQG VSDWLDO H[WHQVLRQ RI WKH UDLQ\ GD\V
)LJ 7KLVPD\ EH GXH WRWKHW\SHRIPRGHOJOREDO/60DQG UHODWLYH
FRDUVHJULG UHVROXWLRQXVHGZKLFKUHGXFHVWKHVHQVLWLYLW\ WR WKHUDLQ
IRUFLQJ 7KHVFRUHVDUH KRZHYHUORZHUZLWK5)(ZKLFKWHQGVWRJHQHU
DWH PRUHIDOVH DODUPLQ DJUHHPHQWZLWKLWV WHQGHQF\WR RYHUHVWLPDWH
WKHQXPEHURIUDLQ\GD\V )LJ
7KH VFRUHVDUH VXEVWDQWLDOO\ORZHUIRU WKH57SURGXFWV$WROHUDQFH
ZLQGRZRIGD\V LVQHHGHGWRUHDFKD32'FORVH WRDQG)$5FORVH
WR 7KH 32'REWDLQHGZLWK WKHELDVDGMXVWHGSURGXFWV LV VLPLODU
WKDQ IRU WKH UDZ  57 7KH EHVW SHUIRUPDQFH LV IRU  %57 DQG




IRU LQVWDQFHLWPD\ OHDG WRDQ HUURQHRXVGHWHFWLRQRIWKH ÀRRGULVN EH
FDXVH DQ DQRPDO\DSSHDUVLQWKHVHULHV )LJDQDO\VHVWKH LQWHUDQQXDO
YDULDELOLW\RI WKHSHDNGLVFKDUJH¿UVWÀRRGDQGWKHFRQVLVWHQF\EH
WZHHQWKHVLPXODWLRQVDQGWKHREVHUYDWLRQV:H IRFXV RQ WKHUHODWLYH
YDULDWLRQ7RGR VR WKHVHULHVRI LH –DQQXDOPD[LPXP
GLVFKDUJHVDUH VWDQGDUGL]HGLHVXEWUDFWLRQRI WKHLQWHUDQQXDOPHDQ
DQGGLYLVLRQE\ WKHVWDQGDUG GHYLDWLRQDQGZH VWXG\WKHSRVLWLYHRU
QHJDWLYH DQRPDOLHV IRU DQ\YDULDEOH[GH¿QHGRYHUWKHSHULRGDV D





7KH FRUUHODWLRQVEHWZHHQWKH VHULHVRIVLPXODWHGDQG REVHUYHGSHDN






WLRQ FRHI¿FLHQW 6SHDUPDQ 7R YHULI\ WKH VLJQL¿FDQFHRI WKH
DJUHHPHQW EHWZHHQ VHULHV DQG WKH GLIIHUHQFHVEHWZHHQ SURGXFWV
WKHVH FRUUHODWLRQVZHUH UHFDOFXODWHG WLPHVE\ RPLWWLQJHDFK\HDU
LQ WXUQ7KH FRUUHODWLRQVGURSVOLJKWO\ZKHQLVRPLWWHGWKHUHLVD
PHDQ GHFUHDVHRI IRU ERWK FRHI¿FLHQWVEXW WKH WHQGHQFLHV RE
VHUYHGDUHRWKHUZLVH YHU\ VWDEOH )RU WKH VHULHVXVHG LQ )LJ WKH
YDOXHRIWKHVLPXODWHGSHDNGLVFKDUJHRQ D JLYHQ\HDULV WDNHQRQ WKH
GDWHRIWKHREVHUYHGSHDN+RZHYHUWKHUHVXOWVDUH YHU\ VLPLODULIWKH
GLVFKDUJHDQRPDO\LVFDOFXODWHGIRU HDFKVHULHVRQ WKHGD\ RIWKHLUUHO
DWLYHPD[LPXP)RUWKH ODWWHUQRW VKRZQWKHFRUUHODWLRQVDUH VOLJKWO\
KLJKHUWKDQLQ )LJ IRU %57&0253+ 5)(DQG&3& DQGVOLJKWO\
ORZHUIRU %Y 3(56,$117KH UHODWLYHPHULWVRI WKHSURGXFWV VWD\
WKH VDPH
7KH DJUHHPHQWEHWZHHQ WKH VLPXODWHGDQG REVHUYHGGLVFKDUJH
SHDNDQRPDOLHV LV JRRGIRU PRVWVLPXODWLRQV7KH RQO\ H[FHSWLRQLV
&0253+DQGWKLVLV LQ GLUHFWUHODWLRQZLWKWKH\HDUWR\HDUYDULDELO
LW\ RI WKHSURGXFWELDV PHQWLRQHGLQ 6HFWLRQ 7KH EHVWDJUHHPHQW
LVEHWZHHQ WKH %Y IRUFHGVLPXODWLRQ DQG WKH REVHUYDWLRQV
,QWHUDQQXDOYDULDELOLW\
7KHSUHYLRXVVHFWLRQVKDYH HVWDEOLVKHGWKDWWKH VDWHOOLWHEDVHGVLPX
ODWLRQVKDYH VRPH VNLOO LQ SUHGLFWLQJÀRRGV HYHQ LI WKHSURGXFWKDV
ELDVHVDV ORQJ DV WKHDQDO\VLVLV EDVHGRQ D UHODWLYHOHYHO SHUFHQWLOH
UDWKHUWKDQWKHDEVROXWHOHYHO $QLPSRUWDQW FRQVLGHUDWLRQ KRZHYHU LV







RU PLQXV  DQG GD\V
























































































































































)LJ)RUHDFKWHVWHGUDLQIDOOSURGXFWDQGWKHFRUUHFWHGYHUVLRQRI WKH57SURGXFWVVFDWWHUSORWVRI WKHDQRPDO\LQ WKHVLPXODWHGSHDNGLVFKDUJHYHUVXVWKHDQRPDO\LQ WKHREVHUYHG
SHDNGLVFKDUJH7KH ODVWGLJLWVRI WKH\HDU DUHLQGLFDWHG IRUHDFKGRW LH  
FRUUHODWLRQDERYH 7KLV FDQ EH DWWULEXWHGWRWKHIDFW WKDWWKLV
SURGXFW LV JDXJH ELDVDGMXVWHGDQG LWDOVR SHUIRUPVZHOO LQ WHUPV
RI LQWHQVLW\VSDFH DQG WLPH GLVWULEXWLRQ RI WKH UDLQIDOOSDWWHUQV
*XLOORWHDXHW DO DFFHSWHG IRU SXEOLFDWLRQ 7KH VHFRQGEHVW LV WKH
VLPXODWLRQEDVHG RQ WKH&3&SURGXFWGHVSLWH WKH ORZQXPEHURI
JDXJHVDYDLODEOH FORVHO\IROORZHGE\ WKH%57VLPXODWLRQ ,W LV
QRWHZRUWK\WKDW WKHUHVXOWVDUH QRWLPSURYHGDQGHYHQ VOLJKWO\GH
JUDGHGZKHQXVLQJ WKH ELDVDGMXVWHG UDLQIDOOSURGXFWV$JDLQ LW
FRPHV IURP WKH XVH RIWKH UHODWLYH YDULDWLRQV RIWKH GLVFKDUJH
ZKLFK SURYLGH D XVHIXO LQIRUPDWLRQ HYHQ LQ FDVHRI VWURQJELDVLQ
WKHUDLQIRUFLQJDV ORQJ DV WKHODWWHULV VWHDG\RYHUWKH\HDUV
7KHYDULRXVDQDO\VLVIURP 6HFWLRQ VXJJHVWWKDWZKHQXVLQJ 57UDLQ
IDOO SURGXFWVWKDWKDYHSRVLWLYHELDVHVDQDO\]LQJWKH PRGHORXWSXW LQ








7ZR FRQGLWLRQVDUH QHFHVVDU\WR SUHGLFWÀRRGVZLWKD K\GURORJLFDO
PRGHOIRUFHGZLWKD UDLQIDOOVDWHOOLWHSURGXFWL WKHSURGXFWPXVWGH
WHFWWKHUHODWLYHO\KLJK UDLQIDOODFFXPXODWLRQVWKDW OHDG WR ÀRRGLQJDQG
LLWKHPRGHOPXVWEH DEOH WR WUDQVIRUPWKH UDLQIDOOH[FHVVLQWRD GLV
FKDUJHH[FHHGLQJD FULWLFDO OHYHO 7KH FULWLFDO OHYHO PD\ EH DEVROXWHRU
UHODWLYH
,Q WKLVVWXG\WKHODUJH VFDOH ,6%$75,3/60URXWLQJPRGHOZRUNLQJ
DWDUHODWLYHO\FRDUVHVSDWLDOUHVROXWLRQLVXVHG ZLWKQR FDOLEUDWLRQ
DGMXVWPHQW WR DFFRXQW IRU WKHK\GURORJLFDOVSHFL¿FLWLHV RI WKH1LJHU
ULJKWULP EDVLQV7KH PRGHOLV IRUFHGZLWKVL[ UDLQIDOO SURGXFWVWKUHH
RI WKHPLQJHVWUDLQJDXJHLQIRUPDWLRQDQGWKHWKUHHRWKHUVDUH EDVHG
RQ VDWHOOLWHLQIRUPDWLRQRQO\ 7KH FRPSDULVRQRI WKHUDLQIDOOSURGXFWV
RYHU WKH NP ODUJHVWXG\DUHD LQ WKH6DKHO UHYHDOVVRPHVXE
VWDQWLDO GLIIHUHQFHV7KH SURGXFWVEDVHGRQ VDWHOOLWHRQO\ – DQGZKLFK
DUH DYDLODEOHZLWKDVKRUWGHOD\ WKXVUHIHUUHGDV 57– KDYHDFRPPRQ




7KH GLVFKDUJHVVLPXODWHGZLWKWKH SURGXFWVDV IRUFLQJKDYHEHHQ
FRPSDUHGZLWKWKHREVHUYDWLRQVDW WKH1LDPH\VWDWLRQ IRU WKHSHULRG
–$ELDVDGMXVWHGYHUVLRQRIWKH57SURGXFWVEDVHGRQDSURE











































YHDOV DJRRGJOREDODJUHHPHQWRQWKHEDVLV RI WKH1DVK 6XWFOLII (I¿
FLHQF\RU 16(DERYHZKHQWKHPRGHOLV IRUFHG E\ DQ\RI WKH
SURGXFWV WKDW LQJHVW JDXJHV&3&5)(%Y 7KH 16(GURSV
ZKHQWKH57SURGXFWVDUH XVHGEHFDXVHRI WKH H[FHVV UDLQIDOO WKH\
JHQHUDWH7KH16( LV KLJK DERYH IRUWKH ELDVDGMXVWHG 57
SURGXFWV
IXWXUHLWFRXOG EHEDVHGRQKLJK UHVROXWLRQDOWLPHWU\ZLWKGDWDSURYLGHG
E\ WKHIXWXUH6:276XUIDFH:DWHU2FHDQ 7RSRJUDSK\ VDWHOOLWH 7KH
*OREDO 3UHFLSLWDWLRQ0LVVLRQ *30HUD ZLWKLWV HQKDQFHG VDPSOLQJRI
UDLQIDOOE\ DPLFURZDYH FRQVWHOODWLRQ +RXHW DO HVSHFLDOO\LQ
WKH7URSLFV WKDQNVWR 0HJKD7URSLTXHV&KDPERQHW DOLV H[
SHFWHGWR SURYLGH57UDLQIDOOSURGXFWVZLWKKLJKHUUHVROXWLRQDQG EHWWHU
DFFXUDF\7KHVH VKRXOGLPSURYHWKHVWXG\RI ‘ORFDO’ K\GURORJLFDOSKH
QRPHQDVXFKDV WKH1LDPH\¿UVWÀRRGRU RWKHUK\GURORJLFDOH[WUHPHV
7KH DELOLW\ RI WKH VLPXODWLRQV WRSUHGLFWWKHÀRRGULVNKDVEHHQ
DQDO\VHGZLWKVHYHUDOGLDJQRVWLFVDQGDWGLIIHUHQWVFDOHV $FNQRZOHGJHPHQWV
:HZDUPO\WKDQN/XF'HVFURL[IRUKLVDGYLFHVRQ WKLVZRUN DQG WKH
1LJHU %DVLQ $XWKRULW\$%1 IRU SURYLGLQJWKH1LJHU 5LYHU GLVFKDUJH
GDWD DQG IRU WKHLU FROODERUDWLRQ:H ZRXOG OLNH DOVR WRWKDQNDOO WKH
WHDPVWKDWSURYLGHGWKHYDULRXVUDLQIDOOGDWD VHWVRQOLQH7KLV ZRUNDV






XFWV HUURU SURSDJDWLRQLQ WKH K\GURORJLFDOPRGHO:LWKWKH WHVWHG
SURGXFWVDQGPRGHOWKHDQDO\VLVRIWKHWKSHUFHQWLOHLV VXI¿FLHQW
DQG ELDVDGMXVWPHQWGRHV QRWSURYLGHDEHWWHUGLDJQRVWLFRIWKHÀRRG
• 7KH VLPXODWLRQVDUH DEOH WR GHWHFWWKH\HDUVZKHQDÀRRGRFFXUUHG
EXWVRPHRIWKLVVNLOO LVORVW LQ ZKHQWKH57SURGXFWDUH XQEL
DVHG7KH VLPXODWLRQVEDVHGRQ WKH57SURGXFWVGLDJQRVHÀRRGVLQ 
RIWKH ‘XQÀRRGHG’ \HDUV
• 7KH DELOLW\RIWKHVLPXODWLRQVWR GLDJQRVHWKDWDJLYHQGD\ LVRU QRW
ÀRRGHGZDV WHVWHGZLWKDQGZLWKRXWD WHPSRUDO WROHUDQFHZLQGRZ
7KH EHVW VFRUHVDUHREWDLQHGZLWK%YDQG&3&ZLWKD32'RI




• 7KH DJUHHPHQWEHWZHHQWKHVLPXODWLRQVDQGWKHREVHUYDWLRQVLQ GH
WHFWLQJWKHUHODWLYHDPSOLWXGHRIWKHDQQXDOSHDN GLVFKDUJHLQWHUDQ
QXDO DQRPDOLHVLVYHU\ JRRG FRUUHODWLRQDERYH IRU%Y IRU
&3& DQG%57— H[FHSWIRU &0253+ EHFDXVHRIWKH\HDU WR\HDU
YDULDELOLW\RILWVELDV
5HIHUHQFHV
$&7('2;)$0 5pSXEOLTXH GX 1LJHU81,&()  (QTXrWHDXSUqV GHV PpQDJHV
VLQLVWUpVSDUOHVLQRQGDWLRQVj 1LDPH\5pSXEOLTXHGX1LJHU
$OEHUJHO-6pFKHUHVVHGpVHUWL¿FDWLRQHWUHVVRXUFHVHQHDXGHVXUIDFH— DSSOLFDWLRQ
DX[SHWLWV EDVVLQVGX%XUNLQD)DVR 7KH ,QÀXHQFHRI&OLPDWH&KDQJHDQG&OLPDWLF9DU
LDELOLW\RQ WKH+\GURORJLF5HJLPHDQG:DWHU 5HVRXUFHV9DQFRXYHU,$+63XEOLFDWLRQ
SS–




RI GHFUHDVHLQ WRWDOYDOXHV*HRSK\V5HV /HWW –
$PDQL$1JXHWRUD0 (YLGHQFHG
XQH PRGL¿FDWLRQGXUpJLPHK\GURORJLTXHGX
ÀHXYH1LJHUj1LDPH\WK )5,(1'— 5HJLRQDO+\GURORJ\%ULGJLQJWKH*DS EH





$QGHUVHQ ,'LRQH2 -DURVHZLFK+ROGHU02OLYU\-& 7KH1LJHU5LYHU%DVLQ$
9LVLRQIRU 6XVWDLQDEOH0DQDJHPHQW7KH,QWHUQDWLRQDO%DQN IRU 5HFRQVWUXFWLRQDQG
'HYHORSPHQW7KH:RUOG %DQN
$UWDQ**DGDLQ+6PLWK-/$VDQWH.%DQGDUDJRGD&-9HUGLQ-3$GHTXDF\





GURORJLFVLPXODWLRQ LQ D IXOO\ GLVWULEXWHG K\GURORJLFPRGHO:DWHU 5HVRXU5HV 
:KWWSG[GRLRUJ:5
%RRQH$&DOYHW-&1RLOKDQ- ,QFOXVLRQRI D WKLUGVRLO OD\HU LQD ODQGVXUIDFH
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&KDQJHPHQWV FOLPDWLTXHVUHFHQWV HW
PRGL¿FDWLRQ GX UHJLPH K\GURORJLTXH GX ÀHXYH 1LJHU .RXOLNRUR 0DOL LQ















IRUJOREDOFOLPDWH DSSOLFDWLRQV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SURGXFWV– HYHQ57LIXVHGZLWKFDXWLRQ– FDQ EH TXDQWLWDWLYHO\XVHIXO
IRU GLDJQRVLQJWKHÀRRGULVN LQ 1LDPH\7KH ZRUNDOVR KLJKOLJKWVWKH
EHQH¿WRI UDLQIDOOHVWLPDWRUVZLWK VWDEOHSHUIRUPDQFHVRYHUWKH\HDUV
IRU K\GURORJLFDODSSOLFDWLRQVRU DQ\ HDUO\ ZDUQLQJV\VWHP(YHQ WKRXJK
57SURGXFWVDUH QRWPHDQWIRU VWXG\LQJLQWHUDQQXDO YDULDELOLW\SURG
XFWVWKDWFRPELQHPRUHLQIRUPDWLRQDUH EHWWHUVXLWHGIURP DFOLPDWRORJ
LFDO YLHZSRLQWWKHLUXVH LQ DQ HDUO\ZDUQLQJV\VWHPUHTXLUHVVWHDG\
VWDWLVWLFVLQRUGHUWRGHWHFWH[WUHPHHYHQWV
$GHHSHU DQDO\VLVRI WKH K\GURORJLFDOSURFHVVHVLV QHHGHGWRIXUWKHU
LPSURYHWKHK\GURORJLFDOPRGHOOLQJ DQGIXOO\ H[SORLWWKH VSDWLDODQG
WHPSRUDO LQIRUPDWLRQSURYLGHGE\ WKHVDWHOOLWH UDLQIDOOSURGXFWV0RUH
ZRUNLVSODQQHGWRVWXG\WKHVHQVLWLYLW\RIWKHSUHGLFWLRQFKDLQWRYDUL
RXV SDUDPHWHUV WKHPRGHOVSDWLDOUHVROXWLRQWKHVRLO LQ¿OWUDWLRQSURS
HUWLHV— ZKLFKKDYHEHHQVKRZQWRYDU\ LQ WKH UHFHQW\HDUV EHFDXVH




EHWWHUDFFRXQW IRU WKH+RUWRQLDQ QDWXUHRIUXQRIIRYHU WKLV DUHD
'HVFURL[HW DO$PRJXHWDO7HVWLQJRWKHUK\GUR
ORJLFDOPRGHOV LV DOVR XQGHU FRQVLGHUDWLRQ)XWXUHGHYHORSPHQW ZLOO
DOVR LQFOXGHZRUNLQJZLWKHQVHPEOHLQSXWVLQ RUGHUWRDFFRXQWIRU XQ
FHUWDLQWLHVLQ WKHUDLQIRUFLQJ+RVVDLQHW DO+RQJ HW DO
0RUDGNKDQLHWDO
7KHVH UHVXOWVVKRZWKDWDSUHGLFWLRQWRROEDVHGRQ PRQLWRULQJERWK
LWKHHDUO\ULVH LQ WKHVORZYDULDWLRQRI WKH1LJHU RXWÀRZXSVWUHDP
1LDPH\DQGLLWKH‘ORFDO’ UDLQIDOOWKDW FDXVH WKHUDSLGULVH RIWKH¿UVW
SHDN ZRXOG LPSURYHWKH RSHUDWLRQDOPRQLWRULQJRI WKH1LJHU5LYHU
ÀRRGVLQ 1LDPH\0RQLWRULQJWKHRXWÀRZ EHIRUH1LDPH\LV FXUUHQWO\
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PHQWDWLRQ UpFHQWHGXUXLVVHOOHPHQWGHVXUIDFHHQUpJLRQVRXGDQRVDKpOLHQQH HW LP














-LGDQH 0 .HUGUDRQ * .RXU]HQHYD ( /DIRQW 6 /HEHDXSLQ & /HPRQVX $
0DKIRXI-)0DUJXLQDXG30RNWDUL0 0RULQ63LJHRQ*6DOJDGR56HLW\<
7DLOOHIHU)7DQJX\*7XOHW39LQFHQGRQ%9LRQQHW99ROGRLUH97KH





1DVK-H6XWFOLIIH-95LYHUÀRZ IRUHFDVWLQJWKURXJK FRQFHSWXDO PRGHOVSDUW ,— D
GLVFXVVLRQRI SULQFLSOHV-+\GURO–
1LNRORSRXORV(,$QDJQRVWRX(1+RVVDLQ)*HEUHPLFKDHO0%RUJD08QGHU















3HGLQRWWL9%RRQH$'HFKDUPH %&UpWDX[ -) 0RJQDUG1 3DQWKRX* 3DSD)























GX SDUDGR[H GX 6DKHO"6pFKHUHVVH – KWWSG[GRLRUJVHF

6RURRVKLDQ6+VX./*DR ;*XSWD+9,PDQ%%UDLWKZDLWH'(YDOXDWLRQRI













9LVFKHO7/HEHO 7$VVHVVLQJWKH ZDWHU EDODQFH LQ WKH 6DKHOLPSDFWRI VPDOOVFDOH
UDLQIDOO YDULDELOLW\ RQ UXQRII 3DUW  LGHDOL]HGVLPXODWLRQ RI UXQRII VHQVLWLYLW\-
+\GURO–
:HHGRQ*3*RPHV69LWHUER36KXWWOHZRUWK:- %O\WK(2VWHUOH+ $GDP-&





















































'¶DXWUH SDUW PrPH GHV SURGXLWV SUpVHQWDQW GHV FXPXOV pTXLYDOHQWV GLVWULEXHQW OHV









SOXLH'DQVFHWWHpWXGHPHQpHDXGpEXWGHV WUDYDX[GH WKqVH OHVSURGXLWVGLVSRQLEOHVj O¶pFKHOOH







OD VpULHREVHUYpHGXGpELWGH1LDPH\ HQWUHHW&HVHXLO UHODWLISHUPHWGHGLPLQXHU OHV
IDXVVHVDODUPHVREWHQXHVDYHFO¶DSSOLFDWLRQGXVHXLODEVROX,FLHQFRUH OHVSURGXLWV LQWpJUDQWGHV
GRQQpHVLQVLWXSUpVHQWHQWOHVPHLOOHXUVUpVXOWDWV$YHFOHVHXLODEVROXOHVSURGXLWVWHPSVUpHOVRQW
V\VWpPDWLTXHPHQW HQ IDXVVH DODUPH OHXU GpELDLVDJH SHUPHW GH OLPLWHU FHV IDXVVHV DODUPHV PDLV
HQJHQGUHGHVFDVGHQRQGpWHFWLRQ/¶DSSURFKHSDUVHXLOUHODWLIVDQVGpELDVDJHSHUPHWO¶REWHQWLRQGH












PRGpOLVDWLRQ DYHF XQ PRGqOH FRQVDFUp j O¶K\GURORJLH GX EDVVLQ GH ELHI SRXUUDLW DPpOLRUHU OHV
SHUIRUPDQFHVGHGpWHFWLRQGHVFUXHVDVVRFLpHVDX[GLIIpUHQWVIRUoDJHVSOXYLRPpWULTXHV
&H FKDSLWUH DPLV HQ pYLGHQFH G¶XQH SDUW OH SRWHQWLHO GH ODPRGpOLVDWLRQ ,6%$75,3SRXU
VLPXOHU OD FUXH 5RXJH GH1LDPH\ HW G¶DXWUH SDUW OH SRWHQWLHO GHV SURGXLWV VDWHOOLWHV HQ WDQW TXH
IRUoDJHSOXYLRPpWULTXH/HGpELDLVDJHGHVSURGXLWVWHPSVUpHOSHXWrWUHUHPSODFpSDUXQHDQDO\VH
UHODWLYHGHVUpVXOWDWVGHPRGpOLVDWLRQ8QUHJDUGDWWHQWLIGRLWrWUHSRUWpVXUOHVFDUDFWpULVWLTXHVGHV














Chapitre 6 Apport hydrologique du produit TAPEER de 






XQH PHLOOHXUH FRPSUpKHQVLRQ GHV F\FOHV GH O¶HDX HW GH O¶pQHUJLH GH O¶DWPRVSKqUH /H SURGXLW
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQV7$3((5)LJXUHDpWpGpYHORSSpGDQVOHFDGUHGHFHWWHPLVVLRQ
HWpODUJLWOHVSHFWUHGHVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQV&RPPHSUpVHQWpGDQVOHFKDSLWUH
O¶DOJRULWKPH7$3((5FRPELQH OHVPHVXUHV GHV UDGLRPqWUHV02HPEDUTXpV VXU07 6$3+,5 j
FHOOHV G¶DXWUHV VDWHOOLWHV PHPEUHV GH OD FRQVWHOODWLRQ *30 HW DX[ PHVXUHV ,5 GHV VDWHOOLWHV
JpRVWDWLRQQDLUHV 7$3((5 HVW XQ SURGXLW VDWHOOLWH ©SXUª F




GX FRQFHSW GH 7$3((5 UpVLGH GDQV O¶HVWLPDWLRQ G¶HUUHXU TXL DFFRPSDJQH FH SURGXLW 7$3((5
VLJQLILDQW7URSLFDO$PRXQWRI3UHFLSLWDWLRQZLWKDQ(VWLPDWLRQRI(5URU'HX[TXHVWLRQVSULQFLSDOHV
VHSRVHQWDYHFO¶DYqQHPHQWGHFHQRXYHDXSURGXLWLTXHOOHVVRQWVHVSHUIRUPDQFHVHWVRQDSSRUW
SRXU OH VXLYL K\GURORJLTXH" LL TXHO HVW O¶DSSRUW GH O¶HVWLPDWLRQ GH O¶HUUHXU DVVRFLpH DX[
SUpFLSLWDWLRQVHWFRPPHQWVHSURSDJHWHOOHGDQVODPRGpOLVDWLRQK\GURORJLTXH"




7$3((5 LQWpJUDQW GLIIpUHQWHV VRXUFHV GH GRQQpHV VRQW FRPSDUpHV 7$3((5 DYHF RX VDQV OHV
GRQQpHVGH6$3+,57$3((5EDVpVXUOHVGRQQpHVVDWHOOLWHVLVVXHVG¶XQHFRQVWHOODWLRQpTXLYDOHQWH
j FHOOH GLVSRQLEOH HQ  7$3((5 VDQV PHVXUH 02 3DU OD VXLWH OD TXHVWLRQ GH O¶DSSRUW GH
O¶HVWLPDWLRQGHO¶HUUHXUGHVSUpFLSLWDWLRQVHWGHVRQXWLOLVDWLRQHVWDERUGpH
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&KDPERQ HW DO E &HV pWXGHV RQW PLV HQ DYDQW OHV ERQQHV SHUIRUPDQFHV GHV SUpFpGHQWHV
YHUVLRQVGH7$3((5

 Apport de TAPEER pour la modélisation hydrologique de la crue 
Rouge à Niamey 
/DYHUVLRQDFWXHOOHGXSURGXLW7$3((5HVWXWLOLVpHGDQVFHWWHpWXGH(OOHFRPELQHGHV
GRQQpHV,5HW02LVVXHVGHVFRXSOHVVDWHOOLWHVUDGLRPqWUHVGpFULWGDQVOH7DEOHDXOLJQH/H
UDGLRPqWUH0$'5$6pWDQWKRUV VHUYLFHGHSXLV MDQYLHU OHVGRQQpHV LVVXHVGH6$3+,5VRQW
LQWpJUpHV j O¶DOJRULWKPH 7$3((5 SRXU DPpOLRUHU O¶pFKDQWLOORQQDJH VXU OD FHLQWXUH WURSLFDOH
/¶DOJRULWKPHGH7$3((5VHEDVHVXUODWHFKQLTXH8$*3,TXLDSUqVFRORFDOLVDWLRQGHVDFTXLVLWLRQV
,5 HW GHV SOXLHV LQVWDQWDQpHV LVVXHV GHV REVHUYDWLRQV02HW GH O¶DOJRULWKPH%5$,1 FKDSLWUH 










WHPSRUHOOH GHV 0&6 GRQW HVW LVVXH OD TXDVLWRWDOLWp GX FXPXO SOXYLHX[ HQ $IULTXH GH O¶2XHVW


















)LJXUH  +\GURJUDPPHV GX1LJHU j
1LDPH\SRXUO¶DQQpHK\GURORJLTXH
GpELW REVHUYp HQ SRLQWLOOpV QRLUV GpELWV
VLPXOpV HQ FRXOHXU HW 16( HQWUH
SDUHQWKqVHV
 )LJXUH   *UDSKLTXHV 4XDQWLOHV
4XDQWLOHV GHV GpELWV VLPXOpV GX 1LJHU
SHQGDQW OD FUXH 5RXJH j 1LDPH\ HQ
HQIRQFWLRQGHVTXDQWLOHVGXGpELW
REVHUYp











UDSSURFKH YRLUH pJDOH OHV SHUIRUPDQFHV GHV SURGXLWV LQVLWX HW GHV SURGXLWV VDWHOOLWHVPL[WHV SRVW
DMXVWpVSDUGHVGRQQpHVLQVLWX(QWHUPHVGHGLVWULEXWLRQGHVGpELWVMRXUQDOLHUVOD)LJXUHPRQWUH
TXH OH GpELW VLPXOp j SDUWLU GX SURGXLW7$3((5 HVW SURFKH GH O¶REVHUYDWLRQ HW FRPPH SRXU OHV










O¶DQQpH  SRXUUDLHQW SHUPHWWUH FHUWDLQHV FRPSHQVDWLRQV GHV ODFXQHV GH UHSUpVHQWDWLRQ GHV
SURFHVVXV GDQV OH PRGqOH HW GRQF XQH ERQQH TXDOLWp GH VLPXODWLRQ FHWWH DQQpHOj ,O HVW DXVVL
LQWpUHVVDQWGHQRWHU OHVGLIIpUHQFHVGH UpVXOWDWREWHQXHQ IRQFWLRQGH ODPpWKRGHGHGpVDJUpJDWLRQ
WHPSRUHOOHFKRLVLHSRXUOHVSURGXLWVUpVROXjMRXU/HOLVVDJHGXFKDPSGHSOXLHHQJHQGUpSDUXQH







                                                             
32'3UREDELOLW\2I'HWHFWLRQpJDOHPHQWGpILQLGDQVOHFKDSLWUH
)$5)DOVH$ODUP5DWHGpILQLGDQVOHFKDSLWUH






OHV REVHUYDWLRQV HW OHV GLIIpUHQWHV VLPXODWLRQV  UpVXOWDWV REWHQX DYHF GHV SUpFLSLWDWLRQV GLVWULEXpHV
XQLIRUPpPHQWSRXUOHVSDVGHWHPSVMRXUQDOLHUVGXIRUoDJHSRXUOHVSURGXLWVGRQWODUpVROXWLRQWHPSRUHOOHQDWLYHHVW
GHMRXUOHVDXWUHVUpVXOWDWVFRUUHVSRQGDQWjXQHGLVWULEXWLRQFRQFHQWUpHVXUVHXOSDVGHWHPSV
'211((6 ,121'$7,21 32' )$5
2EVHUYDWLRQ   
6LPXODWLRQV    
,QVLWX .5,*   
&3&   
6DWHOOLWHPL[WH %Y   
5)(   
3(56,$11&'5   
6DWHOOLWHSXU 7$3((5   
%57   
&0253+   
3(56,$11   

&RPPHGDQVOHFKDSLWUHOD)LJXUHSUpVHQWHSRXU7$3((5DHWG¶DXWUHVSURGXLWEjHOD
UpSDUWLWLRQVSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQV MRXUQDOLqUHV VXU OHEDVVLQGXELHI$QVRQJR1LDPH\
SDQQHDX[VXSpULHXUVDLQVLTXHOHVVpULHVWHPSRUHOOHVGHODSOXLHPR\HQQHVXUOHEDVVLQHWGXGpELW
GX1LJHUREVHUYpHW VLPXOpj1LDPH\ SDQQHDX[ LQIpULHXUV&HWWH UHSUpVHQWDWLRQPHWHQpYLGHQFH
O¶LQIOXHQFHGHODGLVWULEXWLRQGHVSOXLHVVXUODSURGXFWLRQK\GURORJLTXH
3DUH[HPSOHSRXUODSpULRGHFRPSULVHHQWUHOHMXLOOHWHWODDRWOHVSURGXLWV5)(HW%Y
SUpVHQWHQW GHV FXPXOV MRXUQDOLHUV PR\HQV GH SUpFLSLWDWLRQ VLPLODLUHV PDLV OHV GpELWV VLPXOpV
SUpVHQWHQWGHVGLIIpUHQFHVSDQQHDX[LQIpULHXUVGHV)LJXUHFHWH/HMXLOOHWOHGpELWVLPXOpj
SDUWLUGXIRUoDJH5)(HVWVXSpULHXUjFHOXLEDVpVXU%Y3DUODVXLWHFHWWHWHQGDQFHV¶LQYHUVHHW

























FXPXO MRXUQDOLHU )LJXUH  D SDQQHDX LQIpULHXU 7$3((5 VHPEOH VRXVHVWLPHU SOXVLHXUV
pYqQHPHQWVDXWRXUGXDRW HQFRPSDUDLVRQDX[DXWUHVSURGXLWV/HGpELW VLPXOp HVWSURFKHGHV
REVHUYDWLRQV MXVTX¶DXDRW$SUqVFHWWHGDWHHW MXVTX¶DXPRLVGHVHSWHPEUH LO HVW LQIpULHXUDX[
REVHUYDWLRQV &HWWH VRXVHVWLPDWLRQ WURXYH VRQ RULJLQH GDQV OD VRXVHVWLPDWLRQ GHV SUpFLSLWDWLRQV
G¶XQHSDUWDXWRXUGXDRWHWG¶DXWUHSDUWHQWUHOHVHWDRW(QHIIHWSRXUFHWWHGHUQLqUHSpULRGH

































 Apport des différentes sources de données satellitaire dans les 




&KDPERQHWDOE&HWWHVHFWLRQDERUGH ODTXHVWLRQGH O¶LPSDFWVXU O¶K\GURORJLHGHVGRQQpHV
02XWLOLVpHVGDQV7$3((5SRXUFRPSUHQGUHO¶DSSRUWGHVGLIIpUHQWHVVRXUFHVG¶DFTXLVLWLRQ02HQ
SDUWLFXOLHU GX VRQGHXU076$3+,5 HW TXHO VHUDLW O¶LPSDFW G¶XQH GpJUDGDWLRQ GH OD FRQVWHOODWLRQ
VDWHOOLWHSRUWDQWOHVUDGLRPqWUHV02(QHIIHWWRXWHPLVVLRQVSDWLDOHDXQHGXUpHGHYLHOLPLWpHjFDXVH





'HV VLPXODWLRQV K\GURORJLTXHV EDVpHV VXU GLIIpUHQWHV YHUVLRQV GH 7$3((5 VRQW FRPSDUpHV &HV
YHUVLRQVVRQWLVVXHVGHFRQVWHOODWLRQVGLIIpUHQWHVFRPELQDQWSOXVRXPRLQVGHVRXUFHVGHGRQQpHV02




023RXU OHV YHUVLRQV DYHF02 OHPrPH DOJRULWKPHG¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV EDVp VXU OD
PpWKRGH8$*3,HVWXWLOLVpPDLVODGLPLQXWLRQGXQRPEUHGHUDGLRPqWUHV02VLJQLILHODGpJUDGDWLRQ
GH OD EDVH G¶DSSUHQWLVVDJH j SDUWLU GH ODTXHOOH VRQW GpWHUPLQpV OHV SDUDPqWUHV 7%VHXLO HW5FRQG (Q
UHYDQFKHFHWWHPpWKRGHQ¶HVWSOXVDSSOLFDEOHGDQVOHFDVGH O¶DEVHQFHGH02/HVVHXLOV7%VHXLOHW





























































/D VHFWLRQ SUpFpGHQWH D PLV HQ pYLGHQFH OHV ERQQHV SHUIRUPDQFHV GHV VLPXODWLRQV EDVpHV VXU OD
YHUVLRQ QRPLQDOH GH 7$3((5 16(    )LJXUH   ,FL OD )LJXUH   PRQWUH TXH FHV
SHUIRUPDQFHVVRQWpJDOpHVSDUOHVYHUVLRQVVDQV6$3+,516( HWGHODFRQVWHOODWLRQVDQV
6$3+,5QL660,HW16( PDLVGHVGLIIpUHQFHVLPSRUWDQWHVVRQWWRXWHIRLVQRWDEOHV
7$3((5 VDQV 6$3+,5 TXL SUpVHQWH XQ ELDLV QpJDWLI GHV SUpFLSLWDWLRQV SDU UDSSRUW DX[ DXWUHV










/HVGpJUDGDWLRQVGH ODFRQVWHOODWLRQHQJHQGUHQWXQHGpJUDGDWLRQGH OD VLPXODWLRQ K\GURORJLTXHHW
O¶LQIRUPDWLRQ 02 HVW XQ DSSRUW SULPRUGLDO SRXU O¶XWLOLVDWLRQ GHV SURGXLWV SOXLH VDWHOOLWHV HQ
K\GURORJLH&HSHQGDQWOHVVLPXODWLRQVREWHQXHVDYHF ODYHUVLRQQRPLQDOHGH7$3((5RXDSUqVOD
GLPLQXWLRQGHVVRXUFHVGH02VRQWSURFKHVHWSOXVSURFKHVHQWUHHOOHVHQFRPSDUDLVRQDX[SURGXLWV






)LJXUH   3UpFLSLWDWLRQV MRXUQDOLqUHV
SDU SL[HO GHV GLIIpUHQWHV FRQVWHOODWLRQV
GpJUDGpHVGH7$3((5HQIRQFWLRQGHFHOOHV
GHODFRQVWHOODWLRQRULJLQDOH
 )LJXUH   +\GURJUDPPH GX 1LJHU j
1LDPH\ SRXU O¶DQQpH K\GURORJLTXH 
GpELWREVHUYp HQSRLQWLOOpVQRLUVHWGpELWV
VLPXOpV j SDUWLU GHV SUpFLSLWDWLRQV LVVXHV









TXDOLWp GHV HVWLPDWLRQV GHV SUpFLSLWDWLRQV Q¶HVW SDV DPpOLRUpH TXDQG OD EDVH GH GRQQpHV
G¶HQWUDvQHPHQWHVWpODUJLHPDLVTX¶HOOHFRPSRUWHXQHUHGRQGDQFHG¶LQIRUPDWLRQ















 Apport de l’estimation d’erreur TAPEER - Propagation de 
l’incertitude sur la pluie dans la modélisation hydrologique 





XQH DSSURFKH DGDSWpH VHXLO HQ GpELW UHODWLI FKDSLWUH  SHXW rWUH GpYHORSSpH SRXU WLUHU SDUWL GHV
VLPXODWLRQV PDOJUp FHV ELDLV 1pDQPRLQV FHV PpWKRGHV GpWHUPLQLVWHV IRXUQLVVHQW XQH VHXOH






OD SURSDJDWLRQ GHV HUUHXUV DVVRFLpHV DX[ SUpFLSLWDWLRQV GDQV OD PRGpOLVDWLRQ K\GURORJLTXH HQ
DSSOLTXDQW FHWWH PpWKRGH j SDUWLU GH PHVXUHV LQVLWX 3DWXUHO HW DO  1LMVVHQ  UDGDU
+RVVDLQ HW DO E =KX HW DO  HW VDWHOOLWHV +RVVDLQ HW DO D +RQJ HW DO 
0RUDGNKDQLHWDO1LNRSRXORVHWDO3DLYDHWDO'DQVFHVpWXGHVOHVVFpQDULLRX
HQVHPEOHV GH SUpFLSLWDWLRQ VRQW JpQpUpV HQ DSSOLTXDQW XQH HUUHXU SUpDODEOHPHQW HVWLPpH SDU
FRPSDUDLVRQDYHFXQHUpIpUHQFHRXJUkFHjXQPRGqOHG¶HUUHXU
$SUqV XQH H[SOLFDWLRQ GHV SULQFLSHV GH O¶HVWLPDWLRQ GH O¶HUUHXU DVVRFLpH DX[ SUpFLSLWDWLRQV SDU
VDWHOOLWH FHWWH VHFWLRQ SUpVHQWH OHV SUHPLHUV UpVXOWDWV GH O¶pWXGH GH OD SURSDJDWLRQ GH O¶HUUHXU GHV





SRXU DSSOLTXHU O¶HUUHXU DX[ FKDPSV GH SOXLH HVWLPpV HQ IRQFWLRQ GH GLIIpUHQWHV K\SRWKqVHV GH
FRUUpODWLRQVSDWLRWHPSRUHOOHGHO¶HUUHXU

 Erreur associée aux estimations des précipitations 
 Généralités 
 /¶HUUHXUTXDGUDWLTXHPR\HQQHGHO¶HVWLPDWLRQGHVSUpFLSLWDWLRQVSDUUDSSRUWjODSOXLHUpHOOH
6ð HVW FRPSRVpH GH GHX[ WHUPHV OH ELDLV %ð HW O¶LQFHUWLWXGH ,ð /H ELDLV UHSUpVHQWH XQH HUUHXU
V\VWpPDWLTXH HW O¶LQFHUWLWXGH FRUUHVSRQG j OD YDULDQFH GH O¶HVWLPDWLRQ 6L O¶HVWLPDWLRQ SUpVHQWH XQ
ELDLV HOOH VXUHVWLPH RX VRXVHVWLPH V\VWpPDWLTXHPHQW OD UpDOLWp 6L O¶HVWLPDWLRQ SUpVHQWH XQH
LQFHUWLWXGHVDYDOHXUSHXWYDULHUSRXUO¶HVWLPDWLRQG¶XQHPrPHSOXLHUpHOOH/HELDLVHWO¶LQFHUWLWXGH









7RXWHV OHV PHVXUHV LQVLWX RX VDWHOOLWHV FRQVWLWXHQW XQ pFKDQWLOORQQDJH GLVFUHW G¶XQH YDULDEOH
FRQWLQXH 3RXU OHV PHVXUHV VDWHOOLWHV O¶pFKDQWLOORQQDJH HVW SRQFWXHO GDQV OH WHPSV XQH PHVXUH
LQVWDQWDQpH j FKDTXH SDVVDJH GX VDWHOOLWH)LJXUH  D HW SRXU OHV SOXYLRPqWUHV SRQFWXHO GDQV
O¶HVSDFH )LJXUH  E /HV PHVXUHV VRQW HQVXLWH LQWHUSROpHV SRXU VH UDPHQHU DX[ UpVROXWLRQV
WHPSRUHOOHV HW VSDWLDOHV UHTXLVHV 'LIIpUHQWHV VRXUFHV G¶HUUHXU VRQW SUpVHQWHV GDQV OD FKDvQH
















pFULWVRXVODIRUPHVXLYDQWHܵଶ ൌܵ±௖௛௔௡௧௜௟௟௢௡௡௔௚௘ଶ ൅ܵ௔௟௚௢௥௜௧௛௠௜௘ଶ ൅ܵ௘௧௔௟௢௡௡௔௚௘ଶ  (T

/¶HUUHXU WRWDOH 6ð DVVRFLpH j XQ SURGXLW G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV SHXW rWUH HVWLPpH SDU
GLIIpUHQWVPRGqOHVG¶HUUHXUGHFRPSOH[LWpYDULDEOH&HVPRGqOHVSHXYHQWrWUHEDVpVVXUGHVpWXGHV
HPSLULTXHVFRPSDUDLVRQGHVFKDPSVGHSOXLHHVWLPpVDYHFXQHUpIpUHQFHRXWKpRULTXHVDQDO\VHGHV
VRXUFHV G¶HUUHXUV HW SK\VLTXH GH OD PHVXUH SUHQGUH HQ FRPSWH OHV HUUHXUV V\VWpPDWLTXHV HWRX
DOpDWRLUHVFRQVLGpUHURXQRQODVWUXFWXUHVSDWLRWHPSRUHOOHGHO¶HUUHXU
6WHLQHU HW DO  HW +RVVDLQ HW$QDJQRVWRX  RQW GpYHORSSp XQ PRGqOH j SDUWLU GH OD
FRPSDUDLVRQV\VWpPDWLTXHGHVSURGXLWVVDWHOOLWDLUHVHWGHVFKDPSVGHSOXLHKDXWHUpVROXWLRQLVVXVGX
UpVHDXGHUDGDUVDPpULFDLQV&HVPRGqOHVDVVRFLHQWjFKDTXHSRLQWGHJULOOHGXFKDPSGHSOXLHHVWLPp
SDU VDWHOOLWH XQH YDULDQFH G¶HVWLPDWLRQ HQ PPPDLV DXVVL XQH SUREDELOLWp GH IDXVVH DODUPH LOV
GRQQHQW pJDOHPHQW OHV YDOHXUV GHV GLVWDQFHV VSDWLRWHPSRUHOOHV GH FRUUpODWLRQ GH O¶HUUHXU'H WHOV
a) b) 




PRGqOHV VH SUrWHQW ELHQ j OD JpQpUDWLRQ G¶HQVHPEOHV HWRQW pWp XWLOLVpV SRXU GLIIpUHQWHV pWXGHV GH









 L’erreur TAPEER (Chambon 2011 et Chambon et al. 2013b) 
3RXUUDSSHO7$3((5IRXUQLWXQHHVWLPDWLRQMRXUQDOLqUHGHODSOXLHPR\HQQHjXQHUpVROXWLRQ
VSDWLDOHGH6HORQODPpWKRGH8*3,FHFXPXOMRXUQDOLHUHVWHVWLPpFRPPHOHSURGXLWG¶XQH
SOXLH PR\HQQH FRQGLWLRQQHOOH 5FRQG SDU XQH IUDFWLRQ SOXYLHXVH PR\HQQH MRXUQDOLqUH )3 &HWWH














7$3((5 XWLOLVpH GDQV FHWWH pWXGH0DLV GHVGpYHORSSHPHQWV VRQW HQFRUH HQ FRXUV DX VHLQ GH
O¶pTXLSH VFLHQWLILTXH 07 SRXU ILQDOLVHU HW FRPSOpWHU FH PRGqOH G¶HUUHXU /H WHUPH G¶HUUHXU
G¶pWDORQQDJHHVWFRQVLGpUpSDU&KDPERQFRPPHQpJOLJHDEOHSDUUDSSRUWDX[DXWUHVVRXUFHV
G¶HUUHXUFRPSWHWHQXGXQLYHDXGHSUpFLVLRQGHVFDSWHXUVDFWXHOV/¶HUUHXUG¶DOJRULWKPLHGHORLQOH





/¶HUUHXU G¶pFKDQWLOORQQDJH HVW FDOFXOpH FRPPH OD YDULDQFH G¶HVWLPDWLRQ GH OD IUDFWLRQ
SOXYLHXVH MRXUQDOLqUH&¶HVW XQH LQFHUWLWXGH SDV GH WHUPHGH ELDLV TXL GpSHQGGH OD YDULDQFH GX
FKDPSGHSOXLHıðHWGXQRPEUHG¶pFKDQWLOORQVLQGpSHQGDQWV1LQGDXVHLQGXYROXPHG¶HVWLPDWLRQ
M ܵ±௖௛௔௡௧௜௟௟௢௡௔௚௘ଶ ൌ ఙమே೔೙೏    (T
/HQRPEUH WRWDO G¶pFKDQWLOORQV MRXUQDOLHUV1GpSHQGGX QRPEUH GH SL[HOV$ GH O¶LPDJH ,5 HW GX
QRPEUHG¶DFTXLVLWLRQMRXUQDOLqUHV7LFLJUkFHDX[PHVXUHVGH0HWHRVDWܰ ൌ ܣܶ     (T
3RXU OHFDOFXOGH O¶LQFHUWLWXGHG¶pFKDQWLOORQQDJH GH7$3((5 ODFRUUpODWLRQ VSDWLRWHPSRUHOOHGHV
FKDPSVGHSOXLHHVWSULVHHQFRPSWHGRQF1LQG HVW LQIpULHXUj1/HVWUDYDX[GH&KDPERQ 
GpPRQWUHQWTXH1LQGSHXWrWUHpYDOXpHQGLYLVDQWUHVSHFWLYHPHQWODWDLOOHGXGRPDLQH$HWODSpULRGH
7SDUOHVGLVWDQFHVGHGpFRUUpODWLRQVSDWLDOHGðHWWHPSRUHOOHĲGXFKDPSGHSOXLH
௜ܰ௡ௗ ൌ  ஺ௗమ  ఛ்    (T
/¶HVWLPDWLRQGH1LQGQpFHVVLWHODUpDOLVDWLRQGHYDULRJUDPPHVVSDWLDX[HWWHPSRUHOVSRXUGpWHUPLQHU
GðHWĲ3DUGpILQLWLRQXQYDULRJUDPPHGpWHUPLQHO¶DXWRFRUUpODWLRQG¶XQHVpULHGHGRQQpHVHQIRQFWLRQ











D6L OHVHUUHXUV VRQW IDLEOHVHQ DEVROXHQ WHUPHVGHSRXUFHQWDJHGXFXPXOGHSUpFLSLWDWLRQ








 Propagation d’erreur dans la modélisation hydrologique 
 Méthodologie : les différentes applications de l’erreur sur les cumuls 
/HSURGXLW7$3((5IRXUQLWjO¶pFKHOOHGHMXQHHVWLPDWLRQGXFXPXOGHVSUpFLSLWDWLRQV



























YDULDQFH XQLWp HW DYHF GLIIpUHQWHV K\SRWKqVHV VXU OD FRUUpODWLRQ VSDWLRWHPSRUHOOH'DQV OH FDV GH
O¶K\SRWKqVH G¶LQFHUWLWXGH LQGpSHQGDQWH OH FKDPS JDXVVLHQ ) HVW GpFRUUpOp 'DQV OHV FDV GHV
K\SRWKqVHVG¶LQFHUWLWXGHFRUUpOpHVSDWLDOHPHQWWHPSRUHOOHPHQWRXOHVGHX[OHFKDPSJDXVVLHQ)D
XQHFRUUpODWLRQLPSRVpHSDUXQYDULRJUDPPHH[SRQHQWLHORODSRUWpH׋HVWIL[pHjSRXUTXHOHV
















Biais + Indépendante Corr. Spa Corr. Temp Corr. Sta-temp 
     
     
     
     
     









 Impact de l’erreur et de sa structure sur l’hydrologie 
/D)LJXUH  SUpVHQWH OHV UpVXOWDWV GHV VLPXODWLRQV EDVpHV VXU OD SOXLH7$3((5 VDQV
HUUHXU6UHIHWVXUOHVHQVHPEOHVGHSUpFLSLWDWLRQVSRXUOHVTXHOVO¶HUUHXUDpWpDSSOLTXpH6HQVVHORQOHV
GLYHUVHVK\SRWKqVHVGHFRUUpODWLRQVSDWLRWHPSRUHOOHSUpVHQWpHVGDQVOH7DEOHDX8QLQGLFHEDVp










XQH FRUUpODWLRQ VSDWLDOH TXH WHPSRUHOOH GH O¶HUUHXU &H UpVXOWDW HVW XQH FRQVpTXHQFH GH OD IRUWH
LQWHUPLWWHQFH GHV SUpFLSLWDWLRQV j O¶pFKHOOH MRXUQDOLqUH VXU OD ]RQH G¶pWXGH&HWWH LQWHUPLWWHQFH GX
FKDPSGHSOXLHHVWGHSOXVH[DFHUEpHSDUODGLVWULEXWLRQQRQXQLIRUPHGHVSUpFLSLWDWLRQVMRXUQDOLqUH
TXLLPSRVHXQpFDUWPLQLPXPGHKHQWUHOHVpSLVRGHVSOXYLHX[










,FL OHV WHVWV PHQpV VRQW DFDGpPLTXHV HW OHV K\SRWKqVHV GH FRUUpODWLRQ VRQW IL[pHV VXU  HW M
/¶pYDOXDWLRQUpHOOHGHO¶DXWRFRUUpODWLRQGHVFKDPSVGHO¶HUUHXUDVVRFLpHDX[SUpFLSLWDWLRQVVXUOD]RQH
G¶pWXGH SHUPHWWUDLW G¶DOOHU SOXV ORLQ GDQV O¶XWLOLVDWLRQ HW OD FRPSUpKHQVLRQ GH OD SURSDJDWLRQ GH
O¶HUUHXU GDQV ODPRGpOLVDWLRQ K\GURORJLTXH/¶DXWRFRUUpODWLRQ GHV FKDPSV G¶HUUHXU SRXUUDLHQW rWUH
GpWHUPLQpHHQXWLOLVDQWFRPPHUpIpUHQFHXQFKDPSGHSOXLHKDXWHUpVROXWLRQLVVXG¶XQUDGDU+RVVDLQ



























 L’erreur TAPEER et les différentes constellations 




RULJLQDOH GH7$3((5  HOOHV YDULHQW HQWUH  HW PP HW VRQW SULQFLSDOHPHQW FRPSRVpHV G¶HUUHXUV
LQIpULHXUHVjPP)LJXUHSDQQHDX[VXSpULHXUV'HSOXVGHODPrPHPDQLqUHTXHSRXUOD





a) TAPEER sans SAPHIR b) TAPEER constellation 98 c) TAPEER sans MO 
)LJXUH  'LVWULEXWLRQ GHV HUUHXUV HVWLPpHV SDU7$3((5HQPP SDQQHDX[ VXSpULHXUV HW
UHSUpVHQWDWLRQ GH O¶HUUHXU HQ SRXUFHQWDJH GHV SUpFLSLWDWLRQV HVWLPpHV HQ IRQFWLRQ GHV
SUpFLSLWDWLRQVSDQQHDX[LQIpULHXUVSRXUOHVGLIIpUHQWHVFRQVWHOODWLRQVGpJUDGpHV


























a) b) c) 
c) 














/D VLPXODWLRQ K\GURORJLTXH EDVpH VXU 7$3((5 D pJDOHPHQW XQH ERQQH FDSDFLWp j GpWHFWHU OHV
LQRQGDWLRQVjO¶pFKHOOHMRXUQDOLqUHDYHFODPpWKRGHGXVHXLODEVROX32' HW)$5 &H
UpVXOWDWFODVVH7$3((5SDUPLOHVSURGXLWVSUpVHQWDQWOHSOXVIRUWSRWHQWLHOK\GURORJLTXHDXPrPH
WLWUH TXH OHV SURGXLWV LQVLWX RX VDWHOOLWHV SRVWDMXVWpV HW GHYDQW OHV DXWUHV SURGXLWV VDWHOOLWHV SXU
&HSHQGDQWFHVERQVUpVXOWDWVGRLYHQWrWUHSRQGpUpVSDUODFRXUWHSpULRGHVXUODTXHOOHO¶DQDO\VHHVW
HIIHFWXpH(QHIIHWSRXUO¶HQVHPEOHGHVSURGXLWVGpMjWHVWpVVXUXQHSpULRGHSOXVORQJXH
FKDSLWUH ODGpWHFWLRQG¶LQRQGDWLRQHVWSDUWLFXOLqUHPHQWSHUIRUPDQWHSRXU O¶DQQpHPDLV VH
GpJUDGHVLJQLILFDWLYHPHQWTXDQGXQHGpFHQQLHHQWLqUHHVWFRQVLGpUpH8QHpWXGHVXUXQHSpULRGHSOXV




VXIILVDPPHQW SUpFLV SRXU GHV DSSOLFDWLRQV K\GURORJLTXHV 6XU OH VLWH HW OD SpULRGH FRQVLGpUpV OD








7$3((5 DLQVL TXH VRQ DSSOLFDWLRQ RQW pWp DERUGpHV GDQV FH FKDSLWUH WRXMRXUV GH PDQLqUH
SURVSHFWLYH/¶HUUHXUDEVROXHQHGpSDVVHSDVPP6LHOOHHVWFRQVLGpUpHGHPDQLqUHUHODWLYHDXFXPXO







HVWDSSOLTXpH VXU OHVFXPXOVGHSUpFLSLWDWLRQ3OXV O¶HUUHXUHVW FRUUpOpH VSDWLRWHPSRUHOOHPHQW HW
SOXVHOOHLPSDFWHOHGpELW/¶LPSDFWGHODFRUUpODWLRQGHO¶HUUHXUHVWG¶DLOOHXUVSOXVLPSRUWDQWTXHOD
GLPLQXWLRQGHODEDVHGHGRQQpHV02/DUpHOOHFRUUpODWLRQGHO¶HUUHXUpWDQWLQFRQQXHOHVWHVWVRQW
pWp UpDOLVpV DYHF GHV GLVWDQFHV GH GpFRUUpODWLRQ VSDWLDOHV GH  HW WHPSRUHOOHV GH M 0DLV XQH
PHLOOHXUHFRQQDLVVDQFHGHO¶DXWRFRUUpODWLRQUpHOOHGHO¶HUUHXUHVWQpFHVVDLUHSRXUDOOHUSOXVORLQGDQV
O¶DSSOLFDWLRQSUpFLVHGHVFKDPSVGHSOXLHVXUOHFXPXOGHVSUpFLSLWDWLRQV'HX[SRVVLELOLWpVV¶RIIUHQW
j O¶HVWLPDWLRQ GH O¶DXWRFRUUpODWLRQ GX FKDPS G¶HUUHXU GHV PpWKRGHV GH PRGpOLVDWLRQ RX GHV
PpWKRGHVHPSLULTXHVYLDXQHHVWLPDWLRQGHO¶HUUHXUSDUFRPSDUDLVRQjXQFKDPSGHSOXLHLVVXGH
PHVXUHVGHQVHVVXUXQHJUDQGHVXUIDFHWHOOHTXHGpYHORSSpHSDU+RVVDLQHW$QDJRVWRX&HV










Chapitre 7 L’hydrologie du Niger à Niamey depuis 1950 : 




KLVWRLUH GHV FKDQJHPHQWV K\GURORJLTXHV GX 1LJHU GHSXLV OHV DQQpHV  HVW
WXPXOWXHXVHHWQ¶DSDVHQFRUHOLYUpWRXVVHVVHFUHWV/HVIDFWHXUVTXLODIDoRQQHQWVRQW
HQSHUSpWXHOFKDQJHPHQWHW LQWLPHPHQWOLpV OHVXQVDX[DXWUHV/HVYDULDWLRQVFOLPDWLTXHVSHXYHQW
HQWUDvQHU GHV FKDQJHPHQWV GH FRXYHUWXUH YpJpWDOH TXL LQGXLVHQW GH QRXYHOOHV FDUDFWpULVWLTXHV
K\GURORJLTXHVGHVVROV/HVDFWLRQVDQWKURSLTXHVTXLSHXYHQWDXVVLrWUHJXLGpHVSDUOHVFRQGLWLRQV










K\GURORJLTXHV ORQJ WHUPHGH OD FUXH5RXJHj1LDPH\/DPRGpOLVDWLRQ K\GURORJLTXH JUkFH j VD
FDSDFLWp j GpFRPSRVHU OHV VHQVLELOLWpV HVW XWLOLVpH SRXUPHWWUH HQ pYLGHQFH OH U{OH GHV GLIIpUHQWV
IDFWHXUVLPSOLTXpVGDQVOHVYDULDWLRQVGHODFUXH5RXJH/¶pWXGHVHEDVHVXUOHPRGqOH,6%$75,3
DXUHJDUGGHVHVFDSDFLWpVjGpWHFWHUOHVWHQGDQFHVDQQXHOOHVG¶RFFXUUHQFHGHVFUXHVFKDSLWUH
8QH pWXGH SUpOLPLQDLUH SXEOLpH GDQV OD UHYXH 3URFHHGLQJ RI ,QWHUQDWLRQDO$VVRFLDWLRQ RI
+\GURORJLFDO6FLHQFHV&DVVHHW*RVVHWDQQH[H9, LQWURGXLW OHSRWHQWLHOGHFHWWHDSSURFKH
7RXMRXUV GDQV O¶RSWLTXH GH PHWWUH HQ pYLGHQFH OH SRWHQWLHO GHV SURGXLWV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV VDWHOOLWHV HOOH VHEDVHVXU OHSURGXLW3(56,$11&'5GLVSRQLEOHGHSXLV/HV
/¶




UpVXOWDWV RQW PLV HQ pYLGHQFH OD SRVVLELOLWp GH VLPXOHU OHV JUDQGHV WHQGDQFHV GHV FKDQJHPHQWV
K\GURORJLTXHV REVHUYpV j 1LDPH\ GHSXLV  VDQV SUHQGUH HQ FRPSWH XQH pYROXWLRQ GHV
FKDQJHPHQWVG¶XWLOLVDWLRQGXVRO/HVFRQGLWLRQVUpFHQWHVGHYpJpWDWLRQHWGHUpVHDX[K\GURORJLTXHV
SHUPHWWHQWGRQF OD VLPXODWLRQGHV WHQGDQFHVK\GURORJLTXHVREVHUYpHVGHSXLV OHVDQQpHV OHV
SUpFLSLWDWLRQVpWDQWOHSULQFLSDOPRWHXUGHYDULDWLRQV
&H FKDSLWUH SUpVHQWH OD FRQWLQXLWp GH FHWWH pWXGH SRXU DSSURIRQGLU O¶DQDO\VH GX U{OH GHV




VRXPLV j OD UHYXH +(66 ,O LQWURGXLW OHV SUREOpPDWLTXHV DXWRXU GHV FKDQJHPHQWV pFRK\GUR
PpWpRURORJLTXHVHQ$IULTXHGHO¶2XHVWHWGDQVOHEDVVLQGX1LJHUDLQVLTXHODSRVVLELOLWpG¶XWLOLVHUOD
PRGpOLVDWLRQ FRPPH OHYLHU SRXU GpFRPSRVHU OHV VHQVLELOLWpV GH O¶K\GURORJLH DX[ SOXLHV j OD
FRXYHUWXUH GX VRO HW j OD WDLOOH GX UpVHDX GH GUDLQDJH 'LIIpUHQWV SURGXLWV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV VRQW XWLOLVpV GRQW XQ VHXO GLVSRQLEOH VXU OD SpULRGH HQWLqUH HW LVVX G¶XQ
UpVHDXLQVLWX±.5,*±HWGHX[GLVSRQLEOHVVHXOHPHQWGHSXLV±&3&HW3(56,$11&'5'DQV
XQSUHPLHUWHPSVOHVYDULDWLRQVSOXYLRPpWULTXHVHWK\GURORJLTXHVREVHUYpHVVRQWDQDO\VpHV3XLVOD
























































RU V 7KLV UHFHQW UHFRYHU\ LV KHWHURJHQLF RYHU WKH 6DKHO ZLWK GU\ FRQGLWLRQV SHUVLVWLQJ LQ WKH




&RQFXUUHQW ZLWK WKHVH FOLPDWLF YDULDWLRQV :HVW $IULFD KDV H[SHULHQFHG PDMRU K\GURORJLFDO
FKDQJHV7KH1LJHULV WKH ODUJHVWULYHURI:HVW$IULFDDQGJRHVWKURXJKDVWURQJFOLPDWLFJUDGLHQW












7KH GLVFKDUJH RI WKH 1LJHU 5LYHU LQ 1LDPH\ WKH FDSLWDO FLW\ RI 1LJHU LV LPSDFWHG E\ WKH
K\GURORJLFDOEHKDYLRXURIERWKWKHXSSHU1LJHUEDVLQDQGRIWKHVDKHOLDQWULEXWDULHV7KHUDLQIDOOLQ
WKHXSSHU1LJHUWULJJHUVWKH³*XLQHDQIORRG´ZKLFKSURSDJDWHVVORZO\DQGRFFXUVLQ1LDPH\DIWHU
                                                             
ZKHUHWKHK\GURJUDSKLFQHWZRUNGRHVFRQQHFWWRDULYHUDQGRUWRWKHRFHDQ
ZKHUHWKHK\GURJUDSKLFQHWZRUNGRHVQRWFRQQHFWWRDULYHU












0DKp HW DO $PRJX HW DO  6LJKRPQRX HW DO 'HVFURL[ HW DO  SRHWLFDOO\
GHVFULEHGWKLVSKHQRPHQRQDV³WKHGURPHGDU\EHFDPHDFDPHO´7KHLQFUHDVLQJLQWHQVLW\RIWKH5HG
IORRGLQWKHODVWGHFDGHKDVHQKDQFHGWKHLQXQGDWLRQULVNFDXVLQJGUDPDWLFKXPDQDQGPDWHULDOORVVHV


























8QOLNH WKH LQWULFDWH UHDOLW\ PRGHOV DOORZ WHVWLQJ WKH LQIOXHQFHV RI HDFK SURFHVVH RU YDULDEOH
LQGHSHQGHQWO\0RGHOEDVHGVWXGLHVKDYHGHVFULEHGWKHUROHRI/8/&RQUXQRIILQ:HVW$IULFD0DKp
HWDO/LHWDO0DQ\DXWKRUVXVHGK\GURORJLFDOPRGHOOLQJEDVHGRQGLIIHUHQWVFDOHEDVLQ





UHFHQW SHULRG DQG WKH UHFRUG5HG IORRGVRI  DQG&DVVH DQG*RVVHW  SUHVHQWHG D
SUHOLPLQDU\ZRUNEDVHGRQDVDWHOOLWHUDLQIDOOSURGXFW3(56,$11&'5EHWZHHQDQG




RI WKH K\GURORJLFDO UHVSRQVH WR UDLQIDOO YDULDELOLW\ DQG DOVR WR/8/&DQGGUDLQDJH DUHD FKDQJHV
&DVVHDQG*RVVHW KLJKOLJKWHGWKHUROHRIUDLQIDOORYHUWKHODVWGHFDGHV7KHSUHVHQWZRUN
LQYHVWLJDWHVLIVLPLODUFRQFOXVLRQVFDQEHGUDZQZKHQDORQJHUSHULRGWKDWLQFOXGHVWKHVVZHW
FRQGLWLRQV DQG WKH VV GURXJKWV LV FRQVLGHUHG 7KH PRGHO LV ILUVW UXQ ZLWK SUHVHQW /8/&


























ZKLFK IORZRQO\GXULQJWKHUDLQIDOO VHDVRQ7KHOHIWEDQNRIWKH1LJHU LQWKHVWXG\]RQHLVPDLQO\







ERWWRP ULJKW 7KH UHG FRQWRXUV RQ WKH ERWWRP ULJKW SORWV GHOLQHDWH WKH PDLQ WULEXWDULHV
FRQWULEXWLQJWRWKH5HGIORRG&&DVVHDQG/*DOEDVHGRQ6,(5(0DQG12$$GDWDEDVH
)LJXUHGLVSOD\VWKHGLVFKDUJHUHFRUGHGDW$QVRQJRDQG1LDPH\JDXJLQJVWDWLRQV LQ





































EH LPSOHPHQWHG)RUGLVWDQW\HDUVZKHUH WKH WZR IORRGVZHUH DOPRVWPHUJHG )LJG WKH WDVN LV






































































LVXVHG WR LQWHUSRODWH WKHGDLO\JDXJH LQIRUPDWLRQDQGSURYLGHD UHJXODUO\JULGGHGSURGXFWZLWKD
UHVROXWLRQ
x ³&3&´DQRSHUDWLRQDOJDXJHSURGXFWDYDLODEOHVLQFH




WKH*DQGLQ  RSWLPDO LQWHUSRODWLRQZKLFK DFFRUGLQJ WR&KHQ HW DO  SURYLGHV D UREXVW
JOREDOSUHFLSLWDWLRQHVWLPDWHLQGLIIHUHQWFRQGLWLRQRIFOLPDWHVHDVRQDQGQHWZRUN GHQVLW\2QWKH
FRQWLJXRXV 8QLWHG 6WDWHV D FRUUHODWLRQ RI  ZDV IRXQG EHWZHHQ WKH UHIHUHQFHG QHWZRUN NP
VWDWLRQWRVWDWLRQ GLVWDQFH DQG D V\QWKHWLF VSDUVH QHWZRUNZKLFKPLPLFV WURSLFDO$IULFD VLWXDWLRQ
NP VWDWLRQWRVWDWLRQ GLVWDQFH &KHQ HW DO 2Q WKH$QVRQJR1LDPH\ UHDFK EDVLQ WKH
DQQXDOPHDQQXPEHURIJDXJHVKDVEHHQLQFUHDVLQJRYHUWKHSHULRGDQGUDQJHVIURPWR
 )LJ 7KLV GHQVLW\ LV YHU\ ORZFRPSDUHG WR WKH GHQVLW\ SURYLGHGE\ WKH.5,*SURGXFW















WHPSRUDO UHVROXWLRQ LQIUDUHG LQIRUPDWLRQ IURP JHRVWDWLRQDU\ VDWHOOLWH *ULG6DW% IURP WKH
,QWHUQDWLRQDO 6DWHOOLWH &ORXG &OLPDWRORJLFDO 3URMHFW ,6&&3 DQG D ELDV FRUUHFWLRQ EDVHG RQ WKH
*OREDO3UHFLSLWDWLRQ&OLPDWRORJ\3URMHFW*3&3PRQWKO\UDLQIDOOHVWLPDWHV$VKRXULHWDO
7DEOH6XPPDU\RIWKHGLIIHUHQWUDLQIDOOHVWLPDWHSURGXFWVFKDUDFWHULVWLFV
 'DWD &RYHU 7HPS5HV 6SD5HV 'DWHV 8VHGSHULRG $JHQFLHV 5HI :HE















































WKHQ SURSDJDWHV WKH VXUIDFH IORZV WKURXJK WKH ULYHU QHWZRUN75,3 UHVHUYRLUV LPSOHPHQWHG LQ WKH
YHUVLRQRI685)(;FXUUHQWO\XVHGLQWKLVVWXG\DUHWKHULYHUWKHJURXQGZDWHUWKHIORRGSODLQ
DQG WKH DTXLIHU:LWKLQ WKHVH UHVHUYRLUV HYDSRUDWLRQ DQG LQILOWUDWLRQ RFFXUV RQO\ LQ IORRG SODLQV























,6%$ QHHGV D FODVVLFDO DWPRVSKHULF IRUFLQJ SUHFLSLWDWLRQ WHPSHUDWXUH SUHVVXUH KXPLGLW\
UDGLDQFHDQGZLQGWRFRPSXWHWKHZDWHUEDODQFHIRUHDFKJULGFHOO+HUHWKHDWPRVSKHULFIRUFLQJ
H[FHSW IRU UDLQIDOO LVSURYLGHGDVDFOLPDWRORJLFDOPHDQYDOXH IRUHDFKGD\7KHGDLO\ YDOXHZDV
FRPSXWHGIURPWKHSHULRGEDVHGRQWKH:$7&+)RUFLQJ'DWDPHWKRGRORJ\DSSOLHGWR











DQG .5,* 6LQFH WKH PRGHO LV QRW FDOLEUDWHG IRU HDFK SURGXFWV WKH GLIIHUHQFHV EHWZHHQ WKH 
VLPXODWLRQV DUH GXH WR GLIIHUHQFHV EHWZHHQ WKH UDLQ SURGXFWV $SSHQGL[ 8VLQJ  LQGHSHQGHQW
UDLQIDOOGDWDVHWZLOOFRQVROLGDWHWKHFRQFOXVLRQVFRQFHUQLQJWKHUROHRIUDLQIDOOFKDQJHVRQK\GURORJ\
x 9HJHWDWLRQPDS
7KH SDUDPHWHUV QHHGHG IRU ,6%$ WR FRPSXWH HQHUJ\ DQG ZDWHU EDODQFH DUH EDVHG RQ WKH
YHJHWDWLRQFRYHUDQGVRLOSURSHUWLHV,QWKHUHIHUHQFHVLPXODWLRQWKHYHJHWDWLRQPDSYHJHWDWLRQW\SH




























IRUDVHULHVRI1DQQXDOUDLQIDOODFFXPXODWLRQYDOXHV5LKHUH1 LVGHILQHGHDFK\HDULE\ܫ௜ ൌ ோ೔ିோതఙೃ       (T
ZKHUH തܴDQGߪோDUHWKHPHDQDQGWKHVWDQGDUGGHYLDWLRQRIWKH5LVHULHV6LPLODULQGH[HVKDYHEHHQ
FRPSXWHGIURPWKHGLVFKDUJHVGDWDGXULQJWKH5HGIORRGSHULRGEDVHGRQWKHIROORZLQJ\HDUO\PHDQ





)LJXUH LOOXVWUDWHVWKH UDLQIDOO DQG K\GURORJLFDO FKDQJHV LQ WKH$QVRQJR1LDPH\ UHDFK EDVLQ
WKURXJKGHFDGHVIURPWR



























,Q FRQWUDVWZLWK WKH UHODWLYHO\ VLPLODU WUHQGV GLVSOD\HG E\ UDLQIDOO )LJ D DQG WKH$QVRQJR
GLVFKDUJH )LJ E WKH LQGH[ IRU WKH ORFDO UXQRII FRQWULEXWLRQ )LJ F VKRZV D YHU\ GLIIHUHQW
HYROXWLRQRYHUWKHGHFDGHV7KHVDOLHQWIHDWXUHLVDQLQFUHDVHRYHUWKHSHULRGZLWKPRVWO\QHJDWLYH
YDOXHV XQWLO WKH PLG V DQG LQFUHDVLQJ SRVLWLYH YDOXHV DIWHUZDUGV *LYHQ WKH PDQ\ VRXUFHV RI
XQFHUWDLQW\LQGHULYLQJWKHWZRSUR[LHVVHFWLRQWKHDJUHHPHQWLVTXLWHUHPDUNDEOHDQGVKRZVWKDW
WKHREVHUYHGWUHQG LVUREXVW%RWKSUR[LHVDJUHHWKDWZHWGHFDGHVSUHVHQWVPDOOHU LQGH[WKDQGULHU









$VH[SHFWHG1LDPH\5HG IORRG)LJGFKDQJHVRYHUUHIOHFW WKH LQIOXHQFHRI WKH
IORZFRPLQJIURPWKHXSSHUEDVLQ)LJEDQGORFDOFRQWULEXWLRQV)LJF,QWKHVDQGVZKHQ
WKHXSSHUIORZLVKLJKEXWORFDOUXQRIILVVPDOOWKHPHDQGLVFKDUJHLQGH[LVDYHUDJHZLWKDVXFFHVVLRQ













JUH\5HGIORRGSHULRGPHDQGLVFKDUJHRI WKHULJKWEDQN WULEXWDULHV F\HOORZDQG5HG
IORRGPHDQGLVFKDUJH1LDPH\G













/8/& VKRXOG EH H[SORUHG YLD WKH PRGHO 7KH UHVXOWV DUH ILUVW SUHVHQWHG IRU  ZKHQ 
GLIIHUHQWUDLQIDOOIRUFLQJDUHDYDLODEOH7KLVLVWKHSHULRGZKHQWKHVKDUSHVWLQFUHDVHLQWKHUXQRIIKDV
EHHQREVHUYHG )LJFDQG UHFRUG5HGIORRGVRFFXUUHG7KLV LVDOVRWKHSHULRGZKHQ WKH1LJHU¶V















HIIHFWRIDQ LQFUHDVH LQ WKHXSSHUEDVLQ IORZ)LJEDQG ORFDO UXQRII )LJF LV YLVLEOHRQ WKH
GHFDGDOK\GURJUDSKV
7KH VLPXODWHG GHFDGDO PHDQ K\GURJUDSKV EDVHG RQ WKH  UDLQIDOO IRUFLQJ ±.5,*&3& DQG
3(56,$11&'5±DUHDEOHWRUHSURGXFHWKHPDLQIHDWXUHVRIWKHREVHUYHGFKDQJHVWKH5HGIORRG
LQFUHDVHDQGWKHSURJUHVVLYHELPRGDOVKDSHUHLQIRUFHPHQW)LJEFGDQG7DEOH









7KH IUHTXHQF\ GLVWULEXWLRQ RI WKH GDLO\ GLVFKDUJH GXULQJ WKH5HG IORRG IRU HDFK GHFDGH DUH









VHFWLRQ  ZKLFK LV QRW VLPXODWHG E\ WKH FXUUHQW PRGHOOLQJ 7KH GLIIHUHQFHV DPRQJ WKH 
VLPXODWLRQVDUHGXHWRGLIIHUHQFHVLQUDLQIDOOGLVWULEXWLRQDPRQJWKHUDLQSURGXFWV$SSHQGL[$




























































































      
2EVHUYDWLRQ      
.5,*           
&3&           
3(56,$11&'5           









7KH \HDU LOOXVWUDWHVZHOO WKHRYHUHVWLPDWLRQRI5HGIORRGGXULQJ WKHZHWGHFDGHV)LJXUHD
SUHVHQWVWKHVLPXODWHGDQGREVHUYHGGLVFKDUJHLQ1LDPH\WKHREVHUYHGGLVFKDUJHLQ$QVRQJR
XVHGDVLQSXWDQGWKHUDLQIDOOVHULHVRYHUWKH$QVRQJR1LDPH\UHDFKEDVLQ7KHREVHUYDWLRQVKRZV
WKH SUHYLRXVO\ PHQWLRQHG GHILFLW EHWZHHQ $QVRQJR DQG 1LDPH\ ZKLFK LV QRW UHSURGXFHG E\ WKH
PRGHO %XW GXULQJ WKH5HG IORRG WKH SRVLWLYH ELDV LQ WKH VLPXODWHG GLVFKDUJH LQ 1LDPH\ FOHDUO\
H[FHHGV WKLV GHILFLW 7KHPRGHO UHVSRQVH WR WKH KLJKHVW UDLQIDOO UDWHV LV WRR VWURQJ OHDGLQJ WR DQ
RYHUHVWLPDWLRQRIWKHSHDNE\PV)LJXUHGLVSOD\VWKHREVHUYHGGLVFKDUJHLQ1LDPH\DQG
WKH VLPXODWHG GLVFKDUJH ZLWK  GLIIHUHQW PRGHO FRQILJXUDWLRQV L VWDQGDUG VHW XS ZLWK SUHVHQW
FRQGLWLRQ 6& LLPD[LPXP YHJHWDOLVHG FRQGLWLRQ 9&ZLWKZRRGHG VDKHOLDQ VDYDQQDKRQ WKH
HQWLUH$QVRQJR1LDPH\UHDFKEDVLQDQGLLLPD[LXPYHJHWDOL]HGFRQGLWLRQZLWKDUHGXFHGUDLQDJH
DUHD 9&5'ZLWKRXW WKH OHIWEDQNDQG WKH QRUWKHUQSDUWRI WKH*RURXRO WULEXWDU\9&VLPXODWLRQ







75,3PRGHOZKLFK LV QRW DEOH WR UHSURGXFH WKH ORVV EHWZHHQ $QVRQJR DQG1LDPH\ 7KH FRDUVH
UHVROXWLRQ RI WKHPRGHO DQG LQ LWV VLPSOH UHSUHVHQWDWLRQ RI WKH YHJHWDWLRQ FRYHU DQG WKH GUDLQDJH
V\VWHPVDUHDOVROLPLWDWLRQV&URSVRUVSHFLILFVDKHOLDQHFRV\VWHPVDVLQWLJJHUEXVK6HJKLHULHWDO
*DOOHHWDODUHQRWUHSUHVHQWHGH[SOLFLWHO\ LQ WKHSUHVHQWFRQILJXUDWLRQ7KHFRPSOH[











VROLG OLQHV VLPXODWHG GLVFKDUJH LQ 1LDPH\ FRXORUHG OLQHV ZLWK  VFHQDULL  UHFHQW VXUIDFH













DQG V DQG D UHFHQW SDUWLDO UHFRYHU\ RI UDLQIDOO 7KH LQWHQVLW\ RI WKH 5HG IORRG LQ 1LDPH\ LV
LQIOXHQFHGE\WKHXSSHU1LJHUIORZDUULYLQJLQ$QVRQJRDQGE\³ORFDO´UXQRIISURGXFHGLQWKHVXE




EDVLQ EHWZHHQ$QVRQJR DQG1LDPH\ &KDQJHV LQ WKH5HG IORRG VLJQDO RYHU WKH ODVW  \HDUV DUH
H[SODLQHGE\WKHFKDQJHVLQERWKFRPSRQHQWVZKLFKKDYHEHHQDQDO\VHGEDVHGRQVWDQGDUGLQGH[HV
7KHXSSHU1LJHUFRQWULEXWLRQKDV IROORZHGWKHFOLPDWLFWUHQG7KHFRUUHVSRQGLQJ LQGH[ LVSRVLWLYH
GXULQJWKHVVQHJDWLYHGXULQJWKHGURXJKWVRIWKHVVDQGYDULHVDURXQGVLQFHWKHV
7KHORFDOUXQRIIFRQWULEXWLRQKDVEHHQFRQWLQXRXVO\LQFUHDVLQJRYHUWKHSHULRGZKLFKLV





EDVHG RQ WKH FXUUHQW VXUIDFH FRQGLWLRQV DUH DEOH WR UHSURGXFH WKH REVHUYHG WUHQG LQ 5HG IORRG
RFFXUUHQFHDQG LQWHQVLW\ VLQFHWKHV7KLVKDVEHHQYHULILHGZLWKWKUHH LQGHSHQGHQWUDLQIDOOGDWD
VHWV ZKLFK SURYLGH VLPLODU PRQWKO\ UDLQIDOO DFFXPXODWLRQV RYHU WKH GRPDLQ EXW ZLWK PDUNHG
GLIIHUHQFHVDWVPDOOHUVFDOHV7KLVUHVXOWLPSOLHVWKDWUDLQIDOOLQWHUDQQXDOYDULDELOLW\LVWKHPDLQGULYHU
IRUWKHFKDQJHVREVHUYHGVLQFHWKHHDUO\VWKHK\GURJUDSKKDVEHFRPHELPRGDO³FDPHO´VKDSH
DQG WKH 5HG IORRG LV LQWHQVLI\LQJ 7KH VLPXODWLRQ UHVXOWV VLQFH  RQO\ RQH UDLQIDOO SURGXFW
DYDLODEOHUHYHDOVWKDW/8/&DQGGUDLQDJHDUHDFKDQJHVVKRXOGEHFRQVLGHUHG7KHVLPXODWLRQEDVHG
RQ FXUUHQW VXUIDFH FRQGLWLRQV UHSURGXFHV WKH PDLQ K\GURORJLFDO FKDQJHV VLQFH WKH V EXW
RYHUHVWLPDWHVWKHGLVFKDUJHGXULQJWKHVDQGV,QFUHDVLQJWKHYHJHWDWLRQFRYHUDQGUHGXFLQJWKH
GUDLQDJHDUHDGHFUHDVHV WKH UXQRIISURGXFWLRQ LQ WKHPRGHODQGVLPXODWHVGLVFKDUJHVFORVHU WR WKH
REVHUYDWLRQV V DQG V 7KLV UHVXOW LPSOLHV WKDW FKDQJHV LQ WKH HQYLURQPHQWDO FRQGLWLRQV DUH
UHVSRQVLEOH IRU WKHFKDQJH LQ K\GURORJLFDO EHKDYLRXUEHWZHHQ WKH VVGHFDGHVDQG WKHVWR
SUHVHQWSHULRG7KHVFHQDULRZKLFKHPHUJHVIURPWKHVHUHVXOWVLVWKHIROORZLQJLQVDQGVVXUIDFH








V WKH UDLQIDOO ³UHFRYHU\´ LV HQKDQFLQJ WKH ORFDO UXQRII SURGXFWLRQ DQG FRQGXFWV WR D GUDPDWLF
LQFUHDVHRIWKH5HGIORRG7KH5HGIORRGLVDOVRZHOOVHSDUDWHGLQWLPHIURPWKH*XLQHDQIORRGH[FHHGV
LWDQGKDVUHDFKHGWKHKLJKHVWOHYHOHYHUUHFRUGHG&OLPDWHYDULDELOLW\ZLWKLWVFRQVHTXHQFHVRQWKH















































































































































































































































































































OHV HUUHXUV LQKpUHQWHV DX[ IRUoDJHV GH GpELWV HW GH SUpFLSLWDWLRQV OLPLWHQW OD SUpFLVLRQ GHV
FRQFOXVLRQV







HVWLPDWLRQ GH OD YpJpWDWLRQ RX G¶XQH VXUHVWLPDWLRQ GH O¶DLUH GH GUDLQDJH /H U{OH GHV
FKDQJHPHQWV GX VRO SHUVLVWHUDLW GRQF GDQV OHV DQQpHV  /H IDLW TXH OH IRUoDJH
DWPRVSKpULTXHKRUVSUpFLSLWDWLRQVFRUUHVSRQGHjXQHPR\HQQHLQWHUDQQXHOOHHQWUHHW
 FRQVWLWXH pJDOHPHQW XQH VRXUFH SRVVLEOH G¶HUUHXU /HV FRQGLWLRQV DWPRVSKpULTXHV
SHQGDQW OD VpFKHUHVVH SRXUUDLHQW GLIIpUHU GHV FRQGLWLRQV SOXV UpFHQWHV &HOOHVFL





DQQpHV  HW  RQW SURJUHVVLYHPHQW PHQp j XQH DXJPHQWDWLRQ GHV FRpILFLHQWV GH
UXLVVHOOHPHQW HW GRQF GH OD FRQWULEXWLRQ ORFDOH j OD FUXH 5RXJH PDOJUp OH GpILFLW
SOXYLRPpWULTXH(QILQ OD ©UHSULVHª GHV SUpFLSLWDWLRQV GHSXLV OHV DQQpHV  DVVRFLpH j
FHWWH DXJPHQWDWLRQ GH OD FRQWULEXWLRQ ORFDOH HQWUDvQH XQH DXJPHQWDWLRQ LPSRUWDQWH GH OD
FUXH5RXJHTXLGpSDVVHFHOOHGHVDQQpHVOHVSOXVKXPLGHVHWVHGpWDFKHGHODFUXH*XLQpHQQH







VHUDLW QpFHVVDLUH SRXU DQDO\VHU OH U{OH pYHQWXHO GH O¶LQWHQVLILFDWLRQ GHV SOXLHV GpFULWH SDU
FHUWDLQVDXWHXUV3DQWKRXHWDO















G¶XWLOLVDWLRQ GHV PR\HQV VSDWLDX[ SRXU UpSRQGUH j FHW REMHFWLI &HV WUDYDX[ VH IRFDOLVHQW SOXV
SDUWLFXOLqUHPHQWVXUOHVXLYLGHO¶K\GURORJLHHWGHVHVFKDQJHPHQWVJUkFHjXQHDSSURFKHFRPELQDQW












DX[ QLYHDX[ GHV VWDWLRQV K\GURORJLTXHV '¶XQH SDUW j FDXVH GH OD ORJLVWLTXH RSpUDWLRQQHOOH TXH
GHPDQGHXQWHOVXLYLHWG¶DXWUHSDUWjFDXVHGHODQDWXUHGHVpFRXOHPHQWVOHVNRULVUHVSRQVDEOHVGH









PDMHXUH SRXU OH VXLYL GHV EDVVLQV SHX RX SDV DVVH] FRXYHUWV SDU GHV V\VWqPHV GH PHVXUHV GHV
SUpFLSLWDWLRQVLQVLWX'DQVFHWWHpWXGHGLYHUVSURGXLWVVDWHOOLWHVRQWpWpXWLOLVpVHQWDQWTXHIRUoDJH
G¶XQ PRGqOH JOREDO ,6%$75,3 SRXU pYDOXHU OHXU SRWHQWLHO K\GURORJLTXH HW OHXU FDSDFLWp j
UHSURGXLUHODFUXH5RXJHGH1LDPH\7RXVFHVSURGXLWVVDWHOOLWHVVRQWGLVSRQLEOHVVRXVIRUPHGHJULOOH
DYHF GHV UpVROXWLRQV VSDWLDOH GH  j  HW WHPSRUHOOH MRXUQDOLqUH HW LQIUD MRXUQDOLqUH K&HV
FDUDFWpULVWLTXHV OHV UHQGHQWDGDSWpVDX IRUoDJHGHPRGqOHVGLVWULEXpVHWj ODG\QDPLTXHGHV0&6
VDKpOLHQV TXL JpQqUHQW GHV SOXLHV KpWpURJqQHV VSDWLRWHPSRUHOOHPHQW '¶XQH SDUW GHV SURGXLWV
VDWHOOLWHV ©SXUVª Q¶LQWpJUDQW TXH GHV PHVXUHV VDWHOOLWHV ,5 HW 02 RQW pWp XWLOLVpV %57







DGDSWpV j XQ VXLYL RSpUDWLRQQHO WHPSV UpHO PDLV GH QRPEUHXVHV pWXGHV RQW PLV HQ DYDQW OHXUV
SHUIRUPDQFHVJpQpUDOHPHQWPHLOOHXUHVTXHFHOOHVGHVSURGXLWVVDWHOOLWHVSXUV,OVRQWGRQFSHUPLVGH
UpSRQGUH DX[ GLYHUVHV TXHVWLRQV SRVpHV GDQV FHWWH WKqVH HW G¶pYDOXHU TXHOOHV FDUDFWpULVWLTXHV GX
IRUoDJHSOXYLRPpWULTXHVRQWQpFHVVDLUHVSRXUOHVXLYLGHODFUXH5RXJHj1LDPH\(QILQGHVSURGXLWV
LVVXV GH PHVXUHV LQVLWX RQW pJDOHPHQW pWp XWLOLVpV XQ SURGXLW JOREDO DYHF XQ IDLEOH QRPEUH GH
SOXYLRPqWUHVVXU OD]RQHG¶pWXGH&3&HWXQSURGXLWUpJLRQDO LVVXG¶XQUpVHDXSOXVGHQVH.5,*




 Potentiel hydrologique des estimations des précipitations par 
satellites 








 Capacité à reproduire les débits observés 
/HVUpVXOWDWVRQWPRQWUpTXHGHX[FDUDFWpULVWLTXHVVRQWUHTXLVHVSRXUTX¶XQSURGXLWVRLWILDEOH
SRXU OD UHVWLWXWLRQ GX GpELW XQH ERQQH HVWLPDWLRQ GX FXPXO HW XQH ERQQH UHSUpVHQWDWLRQ GH OD
GLVWULEXWLRQ GHV SUpFLSLWDWLRQV VSDWLRWHPSRUHOOHPHQW HW HQ LQWHQVLWp 6XU OD ]RQH HW OD SpULRGH
G¶pWXGH OHV SUpFLSLWDWLRQV HVWLPpHV SDU OHV SURGXLWV VDWHOOLWHV SXUV SUpVHQWHQW GHV ELDLV SRVLWLIV
LPSRUWDQWV&HX[FL VHSURSDJHQWGDQV ODPRGpOLVDWLRQHW LQGXLVHQWGHVGpELWV WUqVDXGHVVXVGH OD
UpDOLWp /HV SURGXLWV VDWHOOLWHV SRVWDMXVWpV HW LQVLWX SUpVHQWHQW GHV FXPXOV GH SUpFLSLWDWLRQ SOXV
UpDOLVWHVHWHQJHQGUHQWGHVVLPXODWLRQVSOXVSURFKHVGHVREVHUYDWLRQV&HSHQGDQWPDOJUpGHVFXPXOV
GH SUpFLSLWDWLRQ VLPLODLUHV OHV GpELWV VLPXOpV SHXYHQW SUpVHQWHU GHV G\QDPLTXHV HW GHV YDOHXUV
GLIIpUHQWHV(QDFFRUGDYHFGHSUpFpGHQWHVpWXGHV5RFDHWDO*RVVHWHWDOFHVWUDYDX[
RQW PLV HQ pYLGHQFH TXH OHV SURGXLWV SUpVHQWDQW OH PrPH FXPXO DQQXHO SHXYHQW GLVWULEXHU
GLIIpUHPPHQW OHV SUpFLSLWDWLRQV HW DLQVL HQJHQGUHU GHV UpSRQVHV K\GURORJLTXHV GLIIpUHQWHV /HV
SURGXLWV FRQFHQWUDQW OHV SUpFLSLWDWLRQV WHPSRUHOOHPHQW HW VSDWLDOHPHQW HW SUpVHQWDQW GH IRUWHV
LQWHQVLWpV WHO TXH %Y SHUPHWWHQW OD PHLOOHXUH UHSURGXFWLRQ GX GpELW REVHUYp '¶DSUqV FHV
UpVXOWDWVFHVSURGXLWVUHSURGXLUDLHQWPLHX[OHVFDUDFWpULVWLTXHVGHVSUpFLSLWDWLRQVVDKpOLHQQHVDORUV

















G¶DPpOLRUHU VLJQLILFDWLYHPHQW OHV SHUIRUPDQFHV GHV SURGXLWV VDWHOOLWHV SXUV (QILQ FHWWH PpWKRGH










 Apport de l’étude  
&HVWUDYDX[FRQVWLWXHQW ODSUHPLqUHWHQWDWLYHGHVXLYLGH ODFUXH5RXJHGH1LDPH\jSDUWLU






EDVVLQ GX ELHI $QVRQJR1LDPH\ HW j O¶pFKHOOH GX EDVVLQ GX 1LJHU GDQV VRQ LQWpJUDOLWp 'H SOXV




 Limites et perspectives 
/¶XQHGHVOLPLWHVGHFHVUpVXOWDWVUpVLGHGDQVODPpWKRGHGHPRGpOLVDWLRQFKRLVLH/HPRGqOH
JOREDO,6%$75,3QHSHXWPRGpOLVHUOHGHOWDLQWpULHXUGX1LJHUFRUUHFWHPHQWHQJHQGUDQWGHJUDQGHV





'¶DXWUH SDUW OH PRGqOH ,6%$75,3 SUpVHQWH XQH UpVROXWLRQ DVVH] JURVVLqUH GH  &HWWH














WHPSRUHOOH FRQFHQWUDQW WRXWH OHV SUpFLSLWDWLRQV MRXUQDOLqUHV GDQV XQ SDV GH WHPSV GH K D pWp
FRQVLGpUpHFRPPHUHSUpVHQWDWLYHGHODG\QDPLTXHGHV0&6VDKpOLHQ(WXQHGpVDJUpJDWLRQVSDWLDOH
XQLIRUPH D pWp DSSOLTXpH8QHPHLOOHXUHPpWKRGH GH GpVDJUpJDWLRQ WKqVH&*XLOORWHDX SRXUUDLW
DPpOLRUHUOHVUpVXOWDWVGHVLPXODWLRQ

 Le produit pluviométrique TAPEER de Megha-Tropiques, et la 
propagation de l’erreur associée 





DX[ SURGXLWV RSpUDWLRQQHOV HVW GLVSRQLEOH j XQH UpVROXWLRQ GH M 6RQ DOJRULWKPH VH EDVH
XQLTXHPHQWVXUGHVPHVXUHVVDWHOOLWHV,5HW02jFHWLWUH7$3((5HVWXQSURGXLWG¶HVWLPDWLRQGHV
SUpFLSLWDWLRQV VDWHOOLWH SXU 6D YHUVLRQ DFWXHOOH7$3((5 D pWp XWLOLVpH HQ WDQW TXH IRUoDJH GX
PRGqOH,6%$75,3LPSOpPHQWpVXUOHEDVVLQGXELHI$QVRQJR1LDPH\SRXUDSSURIRQGLUODTXHVWLRQ
GH OD SURSDJDWLRQ GH O¶HUUHXU GX IRUoDJH SOXYLRPpWULTXH GDQV ODPRGpOLVDWLRQ K\GURORJLTXH0DLV
G¶DXWUHV TXHVWLRQV VRQW VRXOHYpHV SDU VD SUHPLqUH XWLOLVDWLRQ HQ WDQW TXH IRUoDJH'¶XQH SDUW OHV
SHUIRUPDQFHVK\GURORJLTXHVGH7$3((5pWDLHQWHQFRUHLQFRQQXHVMXVTX¶jVRQXWLOLVDWLRQGDQVFHWWH
pWXGHHWGRLYHQWrWUHH[SORUpHV'¶DXWUHSDUWGDQVXQFRQWH[WHRO¶pFKDQWLOORQQDJH02GHVWURSLTXHV
















3RXUWHVWHU O¶LPSDFWGHODGLPLQXWLRQGH ODEDVHG¶DSSUHQWLVVDJH02QpFHVVDLUHj O¶DOJRULWKPHGH
7$3((5GLIIpUHQWHVVLPXODWLRQVRQWpWpUpDOLVpHVjSDUWLUGHFRQVWHOODWLRQVSOXVRXPRLQVULFKHVHQ
PHVXUHV02DYHFRXVDQV6$3+,5RXG¶DXWUHVUDGLRPqWUHV/HVERQQHVSHUIRUPDQFHVGHODYHUVLRQ
QRPLQDOH GH 7$3((5 FKXWHQW DYHF OD GLPLQXWLRQ GH OD EDVH G¶DSSUHQWLVVDJH 02 (Q HIIHW OD
GLPLQXWLRQGHODEDVHG¶DSSUHQWLVVDJH02LQGXLWGHVELDLVGDQVO¶HVWLPDWLRQGHVSUpFLSLWDWLRQV&HV
ELDLVVHSURSDJHQWSDU ODVXLWHGDQV ODPRGpOLVDWLRQK\GURORJLTXHHW LPSDFWHQW OHGpELWVLPXOp3DU
H[HPSOHVDQV6$3+,5GDQVODFRQVWHOODWLRQ02XWLOLVpHSRXUFRQVWUXLUH7$3((5XQELDLVQpJDWLI
VXUOHVSUpFLSLWDWLRQVDSSDUDLWHWHQJHQGUHXQGpELWVLPXOpSOXVIDLEOHTX¶DYHFODYHUVLRQQRPLQDOHGH
7$3((5HW VRXVHVWLPDQW HQFRUHSOXV OHVREVHUYDWLRQV0DOJUp WRXW OHV VLPXODWLRQV UpDOLVpHVj
SDUWLU GHV GLIIpUHQWHV FRQVWHOODWLRQV VRQW DVVH] VHPEODEOHV HW SHUIRUPDQWHV UHIOpWDQW XQH FHUWDLQH
UREXVWHVVHGHO¶DOJRULWKPH7$3((5jODGLPLQXWLRQGHVGRQQpHV02(QUHYDQFKHO¶DEVHQFHWRWDOH
GH02LPSOLTXHXQHPRGLILFDWLRQGHFHWDOJRULWKPHVXSSUHVVLRQGHODSKDVHG¶DSSUHQWLVVDJH&H
FKDQJHPHQW LQGXLW GHV ELDLV WUqV LPSRUWDQWV GDQV OHV SUpFLSLWDWLRQV TXL VH UpSHUFXWHQW GDQV OD
PRGpOLVDWLRQ K\GURORJLTXH HW OD GpJUDGHQW IRUWHPHQW /D SUpVHQFH GH PHVXUHV 02 HVW GRQF
LQGLVSHQVDEOHSRXUTXHOHSURGXLW7$3((5VRLWSHUIRUPDQWGDQVODPRGpOLVDWLRQK\GURORJLTXH





IRXUQLWXQHHVWLPDWLRQGH O¶HUUHXU OD VWUXFWXUHGHFHOOHFL Q¶HVWFHSHQGDQWSDVFRQQXH'LIIpUHQWHV
K\SRWKqVHVTXDQWjVDFRUUpODWLRQVSDWLRWHPSRUHOOHRQWpWpWHVWpHVSRXUDSSOLTXHUO¶HUUHXUDX[FKDPSV
GHSOXLHVHQJpQpUDQWGHVHQVHPEOHV&HVWHVWVRQWPLVHQpYLGHQFHO¶LPSDFWGHODFRUUpODWLRQVSDWLR
WHPSRUHOOH GHV FKDPSV G¶HUUHXUV 6L O¶HUUHXU HVW LQGpSHQGDQWH HQWUH SL[HOV HW SDV GH WHPSV OHV
HQVHPEOHV FRUUHVSRQGDQWV Q¶LQGXLVHQW SDV GH IRUWH GLVSHUVLRQ GHV VLPXODWLRQV K\GURORJLTXHV /D




FRUUpODWLRQVSDWLRWHPSRUHOOHGH O¶HUUHXU DSOXVG¶LPSDFW VXU ODPRGpOLVDWLRQTXH ODGLPLQXWLRQGX
QRPEUHGHUDGLRPqWUHV02GDQVODFRQVWHOODWLRQ

 Limites et perspectives 
'HSDUVRQFDUDFWqUHSURVSHFWLIFHWWHpWXGHFRPSRUWHGHQRPEUHXVHVOLPLWHVTXLGHYURQWrWUH
UHSRXVVpHVSDUGHVWUDYDX[XOWpULHXUV/DYHUVLRQDFWXHOOHGXSURGXLW7$3((5Q¶HVWGLVSRQLEOHTXH




SOXV DX UXLVVHOOHPHQW SRXU OD ]RQH G¶pWXGH /¶LPSDFW GH VRQ DSSOLFDWLRQ VXU OHV SUpFLSLWDWLRQV
XWLOLVpHV HQ IRUoDJH GH OD PRGpOLVDWLRQ K\GURORJLTXH GpSHQG VXUWRXW GH OD VWUXFWXUH GHV FKDPSV
G¶HUUHXU &HWWH VHQVLELOLWp GH O¶K\GURORJLH j OD VWUXFWXUH GH O¶HUUHXU QpFHVVLWH XQH FRQQDLVVDQFH
DSSURIRQGLH GH O¶DXWRFRUUpODWLRQ GHV FKDPSV G¶HUUHXU VRLW SDU GHV PpWKRGHV GH PRGpOLVDWLRQV
SK\VLTXHVVRLWJUkFHjGHVPpWKRGHVHPSLULTXHV6WHLQHUHWDO+RVVDLQHW$QDJRVWRX
&HVGHUQLqUHVQpFHVVLWHQWGHVFKDPSVGHSOXLHGHUpIpUHQFHELHQUpVROXVVXUGHJUDQGHVVXUIDFHVW\SH
UpVHDX GH UDGDUV HW VRQW HQFRUH LPSRVVLEOHV HQ $IULTXH GH O¶2XHVW 0DLV HOOHV SRXUUDLHQW rWUH
HQYLVDJpHVGDQVG¶DXWUHVEDVVLQVWURSLFDX[pTXLSpVGHUDGDUFRPPHDX%UpVLO

 Evolution de la crue Rouge depuis 1950 : quelles sont les causes ?  















GHV FKDQJHPHQWV GH UpJLPH K\GURORJLTXH UXSWXUHV G¶HQGRUpLVPH DX VHLQ GH O¶DLUH GH GUDLQDJH
SDUWLFLSDQWjODFUXH5RXJHDpJDOHPHQWpWpDERUGpGDQVFHWWHpWXGH

 Apport de l’approche choisie 
7RXW G¶DERUG OD PRGpOLVDWLRQ D pWp XWLOLVpH SRXU WHVWHU VpSDUpPHQW OHV GLIIpUHQWV IDFWHXUV
LQIOXHQoDQW O¶K\GURORJLHGXEDVVLQGXELHI$QVRQJR1LDPH\(QHIIHW OHVYDULDWLRQVGXFOLPDWGX
FRXYHUW YpJpWDO HW GH O¶K\GURORJLH pWDQW LQWLPHPHQW OLpHV HW LPEULTXpHV OD FRPSDUDLVRQ GH


















GH O¶DLUH GH GUDLQDJH PLPDQW XQH SURSRUWLRQ G¶HQGRUpLVPH SOXV LPSRUWDQWH SRXU OHV SUHPLqUHV
GpFHQQLHVSHUPHWWHQWFHSHQGDQWGHVHUDSSURFKHUGHVREVHUYDWLRQV&HWWHpWXGHHQDFFRUGDYHFOHV
SUpFpGHQWVUpVXOWDWVGH$LFKHWDOPRQWUHOHU{OHFRQMRLQWGHVFKDQJHPHQWVGHVXUIDFHHWGHV








GHV FDXVHV GHV FKDQJHPHQWV GH OD FUXH 5RXJH j 1LDPH\ 3HQGDQW OHV GpFHQQLHV  OD
FRXYHUWXUHYpJpWDOHHW O¶LQILOWUDELOLWpGHV VROV OLPLWDLHQW OH UXLVVHOOHPHQWPDOJUpGHVSUpFLSLWDWLRQV
DERQGDQWHV $ SDUWLU GHV DQQpHV  XQ FKDQJHPHQW GUDVWLTXH GHV FRQGLWLRQV GH VXUIDFH V¶HVW
DPRUFp /HV FDXVHV GLIILFLOHPHQW GLVVRFLDEOHV VRQW LPSXWDEOHV DX GpILFLW SOXYLRPpWULTXH HW DX[











 Limites et perspectives 
7RXW G¶DERUG FHWWH pWXGH GHYUDLW rWUH UpDOLVpH DYHF XQ DXWUH SURGXLW G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQVVXUODSpULRGH0DLVOHVSULQFLSDOHVOLPLWHVHQSDUWLFXOLHUVXUODFKURQRORJLH
GHVpYqQHPHQWVUpVLGHQWGDQVODUHSUpVHQWDWLRQGHVFKDQJHPHQWVGHFRQGLWLRQVGHVXUIDFH'¶XQHSDUW
OD VHQVLELOLWp G¶,6%$75,3 DX[GLIIpUHQWHV FODVVHV GH YpJpWDWLRQ HVW OLPLWpH OHPRGqOH pWDQW SOXV
VHQVLEOHDX[SURSRUWLRQVTX¶DX[W\SHVGHYpJpWDWLRQ3RXUDOOHUSOXVORLQGDQVODFRPSUpKHQVLRQGHV
FDXVHV GHV FKDQJHPHQWV K\GURORJLTXHV GHV EDVVLQV VDKpOLHQV XQH PRGpOLVDWLRQ SOXV DGDSWpH HVW
QpFHVVDLUH '¶DXWUH SDUW XQH UHVWLWXWLRQ ILGqOH GHV YDULDWLRQV GX FRXYHUW YpJpWDO HW GX UpVHDX GH
GUDLQDJHHVWQpFHVVDLUHSRXUDOLPHQWHU OHVPRGqOHVHWSRXUUDLW VHEDVHU VXU OD WpOpGpWHFWLRQ(QILQ
O¶pWXGH GHV FKDQJHPHQWV LQIUDMRXUQDOLHUV GHV SUpFLSLWDWLRQV HVW QpFHVVDLUH SRXU DSSURIRQGLU FHWWH
pWXGH(QHIIHWVLODUHSULVHUpFHQWHGHVSUpFLSLWDWLRQVDHQJHQGUpXQHPRGLILFDWLRQGHODFUXH5RXJH




















GH OD VWUXFWXUH GH OD FRUUpODWLRQ GHV FKDPSV G¶HUUHXU GH 7$3((5 PDLV DXVVL GH O¶HQVHPEOH GHV
HVWLPDWLRQVVDWHOOLWHVGRLWrWUHPHQpHSRXUWLUHUSDUWLGHFHWWHLQIRUPDWLRQVDQVLQGXLUHDUWLILFLHOOHPHQW








SRXUURQW rWUH GpYHORSSpHV GDQV OH FDGUH GX SURMHW $/0,3 $IULFDQ /DQG 6XUIDFH0RGHOV ,QWHU




(QILQ OD FROODERUDWLRQ DYHF O¶$%1 DXUD SHUPLV G¶XQH SDUW OD FRQGXLWH GH FHWWH WKqVH JUkFH DX[
DFTXLVLWLRQVGHGRQQpHVHWjOHXUH[SHUWLVHHWG¶DXWUHSDUWjDPHQHUTXHOTXHVpOpPHQWVGHUpSRQVHj
O¶$%1 FRQFHUQDQW OH SRWHQWLHO GH O¶DSSURFKH FRPELQDQWPRGpOLVDWLRQ K\GURORJLTXH SOXLHGpELW HW
HVWLPDWLRQVDWHOOLWHGHVSUpFLSLWDWLRQV&HVpOpPHQWVGHUpSRQVHOHXURQWpWpSUpVHQWpVjO¶RFFDVLRQGH
MRXUQpHVG¶pFKDQJHVXUO¶K\GURORJLHRXHVWDIULFDLQHHWVXUO¶XWLOLVDWLRQGHVPR\HQVVSDWLDX[SRXUVRQ










































































































































































































$&7('2;)$0 5pSXEOLTXH GX 1LJHU 81,&()  (QTXrWH DXSUqV GHV PpQDJHV VLQLVWUpV SDU OHV
LQRQGDWLRQVj1LDPH\5pSXEOLTXHGX1LJHU































 3(56,$11&'5 'DLO\ 3UHFLSLWDWLRQ &OLPDWH 'DWD 5HFRUG IURP 0XOWLVDWHOOLWH 2EVHUYDWLRQV IRU
+\GURORJLFDO DQG &OLPDWH 6WXGLHV %XOOHWLQ RI WKH $PHULFDQ 0HWHRURORJLFDO 6RFLHW\  ±
GRL%$06'





































&DVVH&*RVVHW0 $QDO\VLVRIK\GURORJLFDO FKDQJHV DQG IORRG LQFUHDVH LQ1LDPH\EDVHGRQ WKH









































'HFKDUPH%'RXYLOOH+  ,QWURGXFWLRQ RI D VXEJULG K\GURORJ\ LQ WKH ,6%$ ODQG VXUIDFHPRGHO
&OLPDWH'\QDPLFV±GRLV
'HFKDUPH%'RXYLOOH+%RRQH$+DEHWV)1RLOKDQ - ,PSDFWRI DQ H[SRQHQWLDO SURILOH RI
VDWXUDWHG K\GUDXOLF FRQGXFWLYLW\ ZLWKLQ WKH ,6%$ /60 6LPXODWLRQV RYHU WKH 5K{QH EDVLQ -RXUQDO RI
+\GURPHWHRURORJ\
'HFKDUPH%'RXYLOOH+3ULJHQW&3DSD)$LUHV) $QHZ ULYHU IORRGLQJ VFKHPH IRUJOREDO
FOLPDWH DSSOLFDWLRQV 2IIOLQH HYDOXDWLRQ RYHU 6RXWK $PHULFD -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 
GRL-'



























)DYUHDX*&DSSHODHUH%0DVVXHO 6 /HEODQF0%RXFKHU0%RXODLQ1 /HGXF&  /DQG
FOHDULQJ FOLPDWH YDULDELOLW\ DQG ZDWHU UHVRXUFHV LQFUHDVH LQ VHPLDULG VRXWKZHVW 1LJHU $ UHYLHZ :DWHU
5HVRXUFHV5HVHDUFKGRL:5
)HUUDUR55:HQJ)*URG\1&%DVLVW$$Q(LJKW<HDU7LPH6HULHVRI5DLQIDOO


















VWXG\ RI WKH G\QDPLFV RI VXUIDFH ZDWHU IURP  WR SUHVHQW LQ SDVWRUDO 6DKHO *RXUPD UHJLRQ 0DOL
+\GURORJ\DQG(DUWK6\VWHP6FLHQFHV±
*LRUJL ) ,P (6 &RSSROD ( 'LIIHQEDXJK 16 *DR ;- 0DULRWWL / 6KL <  +LJKHU
+\GURFOLPDWLF ,QWHQVLW\ ZLWK *OREDO :DUPLQJ -RXUQDO RI &OLPDWH  ±
GRL-&/,
































































-REDUG , &KRSLQ ) %HUJHV -& 5RFD 5  $Q LQWHUFRPSDULVRQ RI GD\ VDWHOOLWH SUHFLSLWDWLRQ
SURGXFWV GXULQJ :HVW $IULFDQ PRQVRRQ ,QWHUQDWLRQDO -RXUQDO RI 5HPRWH 6HQVLQJ  ±
GRL
-R\FH5--DQRZLDN-($UNLQ3$;LH3&0253+$PHWKRGWKDWSURGXFHVJOREDOSUHFLSLWDWLRQ





































/HEHO 73DUNHU'- )ODPDQW&%RXUOqV%0DUWLFRUHQD%0RXJLQ ( 3HXJHRW&'LHGKLRX$




/HEHO 79LVFKHO 7 &OLPDW HW F\FOH GH O¶HDX HQ ]RQH WURSLFDOHௗ XQ SUREOqPH G¶pFKHOOH&RPSWHV
5HQGXV*HRVFLHQFH±GRLMFUWH
/HEODQF0-)DYUHDX*0DVVXHO67ZHHG62/RLUHDX0&DSSHODHUH%/DQGFOHDUDQFHDQG










































WKH0pWpR)UDQFH FOLPDWH$53(*(3DUW , ,PSOHPHQWDWLRQDQGSUHOLPLQDU\ UHVXOWV -RXUQDORI&OLPDWH
±



































0RUDGNKDQL + +VX . +RQJ < 6RURRVKLDQ 6  ,QYHVWLJDWLQJ WKH LPSDFW RI UHPRWHO\ VHQVHG
SUHFLSLWDWLRQ DQG K\GURORJLF PRGHO XQFHUWDLQWLHV RQ WKH HQVHPEOH VWUHDPIORZ IRUHFDVWLQJ *HRSK\VLFDO
UHVHDUFKOHWWHUV/
0FKHU66WHLQQRFKHU.&KDPSHDX[ -/*ULJXROR6:HVWHU.+HXQNV&9DQ.DWZLMN9 QG














1LMVVHQ %  (IIHFW RI SUHFLSLWDWLRQ VDPSOLQJ HUURU RQ VLPXODWHG K\GURORJLFDO IOX[HV DQG VWDWHV




















6LOYD - $VVLPLODWLRQJ LQ VLWX DQG UDGDU DOWLPHWU\ GDWD LQWR D ODUJHVFDOH K\GURORJLFK\GURG\QDPLF
















































,QWHUQDW :02,$+6(7+ 6\PS RQ 3UHFLSLWDWLRQ DQG (YDSRUDWLRQ (GV 0 /DSLQ % 6HYUXN 6ORYDN
+\GURPHWHRURO,QVW%UDWLVODYDSS±
6HJKLHUL-*DOOH65DMRW-//DEURXVVHWLJUpHGDQVOH6DKHO1LJpULHQௗ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&DUWH SpGRORJLTXH GX EDVVLQ GX*RURXRO%HOL ,1 (WXGH GHV VROV GX EDVVLQ HW GHV DOOXYLRQV GX
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&'5VDWHOOLWHUDLQIDOOHVWLPDWHDQGK\GURORJLFDOVLPXODWLRQVRYHUWKH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FRQIHUHQFHGHO¶,8**,QWHUQDWLRQDO8QLRQRI*HRGHV\DQG*HRSK\VLFV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